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INTRODUCTION 


The problem of growth has been 
studied in many forms of life and from 
various points of view, and yet many 
of its fundamental aspects are still un- 
known or imperfectly understood. <A 
great amount of data has been accu- 
mulated concerning the growth of 
mammals, but comparatively _ little 
concerning the lower forms of life. In 
regard to birds, there have been a few 
studies of the growth in body weight 
of the domestic fowl, but little atten- 
tion has been given to the growth of 
the individual organs and systems. A 
systematic study of growth has there- 
fore seemedd esirable, for various rea- 
sons. The domestic fowl (Gallus 
domesticus) is easily obtained, is omni- 
vorous, and has a relatively short 
period of growth. Its economic value 
adds to the importance of a_ better 
knowledge of its anatomy and of the 
growth changes occurring in its various 
organs and systems during its devel- 
opment.? 


REVIEW OF LITERATURE 


The literature upon the growth of the 
domestic fowl consists chiefly of a 
few reports, giving the average weight 
of a number of birds at certain stages 
of their growth, and usually covering 
only brief periods. 

Petrov (19)? studied the effects of 
hunger on the body weight in fowls, 
including a few observations upon a 
group of normal controls at various 
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He does not state the breed 
used and his data are, therefore, of 
little value for comparison. Weiske 
(30) studied the growth of 11 chick- 
ens from 6 days of age to 1 year. 
He later autopsied a newly hatched 
chicken of the same breed. He killed 
and autopsied individual specimens 
at intervals throughout the year and 
recorded the weights of the fresh and 
oven-dried skeletons and the feathers, 
immediately after removal from the 
chicken and again after oven-drying. 
He further studied the chemical com- 
position of the feathers and skeletons. 

Houssay (7) studied the growth of a 
number of chickens a plotted 
the growth curves. Stefanowska (23) 
plotted separate growth curves of 
growth in body weight for the males 
and females of a group of chickens. 

Minot (15, 16) followed the growth 
of two male and eight female chickens, 
making weighings daily at first and 
later less frequently up to 190 days; 
then three weighings between 335 
and 350 days of age. He found an 
initial decrease in weight after hatch- 
ing, similar to = postnatal decrease 
in mammals. Lee (13) made a very 
careful study of the fattening of poul- 
try. The time during which the 
maximum gain occurs, the amount of 
feed required, and the average gain for 
several different breeds were deter- 
mined. Mitchell and Grindley (1/7) 
made a study of the same problem for 
poultry as well as for some of the 
larger farm animals. Philips (20) 
published the results of growth ex- 
periments during four years upop 


ages. 
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several thousand single-comb White 
Leghorn chicks at the Indiana Ex- 
periment Station. The sexes were 
weighed together until the young 
cockerels could be picked out, and from 
this time on to the end of the twenty- 
fourth week only the pullets were 
weighed. Card and Kirkpatrick. (2) 
published their growth studies which 
had been carried on during the three 
preceding seasons. They used single- 
comb White Leghorns and Rhode 
Island Reds from the regular stock 
of the Connecticut Experiment Sta- 
tion at Storrs, Conn. The chicks 
were carefully weighed in lots, once 


per week, and the average weight per . 


chick determined for 24 weeks. The 
cockerels were removed at the end of 
the eighth week and after this only 
the pullets were weighed. Buckner, 
Wilkins, and Kastle (/) studied the 
growth in body weight of two lots of 
single-comb White Leghorn chickens 
at the Kentucky Experiment Station. 
One group was incubator-hatched and 
raised in a brooder; the other .was 
hatched and reared by hens. They 
started with 60 chicks in each lot. The 
chickens were weighed individually each 
week and the average for each sex was 
determined for a period of 28 weeks. 

When we turn to the growth of the 
systems or organs of the domestic 
fowl, we find still less in the literature. 
Welcker and Brandt (28) give the 
body weight and the weights of the 
organs and systems in two male 
domestic fowls. There are also some 
weights given for the organs of the 
chick on the 9th, 10th, 11th, 13th, 
17th, 20th and 21st days of incubation, 
one “Junges Hiihnchen vom Markte”’ 
and a hen. The breeds are not given 
and, of course, the number of cases 
is not adequate to determine the 
average weights. They give similar 
data for nine other species of birds, 
including two pigeons and two do- 
mestic geese. Zaitschek (31) autop- 
sied “131 Stiick voll entwickelten 
Hiihnern ungarischer Rasse und ver- 
schiedenen Alters.”” He finds that 
the blood (that which escaped from 
the chicken) forms an average of 3.8 
per cent (range 2.6 to 5.6 per cent); 
the feathers average 7.7 per cent 
(range from 1.4 to 11.4 per cent); 
and the liver forms an average of 2.9 
per cent (range from 1.4 to 4.7 per cent) 
of the live weight. These were the 
only organs weighed _ separately. 
Stieve (25) studied the development of 
the ovary in the hen, but made-no 
observations upon the other organs. 
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MATERIAL AND METHODS 


The chickens used were single-comb 
White Leghorns, which were provided 
by the Division of Poultry Husbandry, 
They were hatched in four groups. 
Group 1 was hatched May 29, 1920, 
but the weighings were not begun 
until June 26, at which time there were 
95 chicks four weeks old. On July 13 
this lot was transferred to two coops 
with free range, and 32 culls were 
removed. On October 27, 1920, they 
were moved into winter quarters and 
the sexes were separated. Group 2 
was hatched July 8, 1920, and included 
21 chicks. Group 3, hatched July 17, 
1920, consisted of 36 chicks. Groups 
2 and 3 were kept in the brooder house, 
but during the latter part of the sum- 
mer and fall they were allowed to run 
in a large, grassy, fenced lot adjacent 
to the small runs. The last chick in 
Group 2 was autopsied November 13, 
1920. Groups 1 and 3 were in part 
carried through to the end of the 
experiment, and the remaining chickens 
returned to the Poultry Department 
The males and females in Group 3 were 
not separated. Group 4 included 18 
chicks, hatched August 11, 1920. 
The last one of this group was autopsied 
November 15, 1920. 

All of the chicks were hatched in 
the incubators at the poultry plant 
and, with the exception of Group 4, 
they were all put into the brooder 
house as soon as all chicks in the 
incubator were dry. This was usually 
about 24 hours after the first chick 
had hatched. The age of the chickens 
was counted from the time of removal 
from the incubator, so there is a 
variation of a maximum of about 24 
hours in their ages. Group 4 was 
given to an old hen confined in a coop. 
This allowed free range for the chicks. 
Later the hen and chicks were put in a 
section of the brooder house with access 
to a grassy run. 

From*the beginning, all were fed 
a commercially prepared mixture of 
seeds, and a commercially prepared 
mash. After June 21, 1920, all the 
chicks were provided with hoppers 
filled with a mash composed of equal 
parts, by weight, of bran, hominy, 
middlings, ground oats, and beef scraps. 
As soon as old enough, they were given 
a mixture of cracked grains, corn, oats, 
etc., and later whole grain. The last 
three groups were given milk to drink 
from the beginning, and Group 1 was 
also given milk after June 26. After 
November 27, 1920, the remaining 
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chickens were given the regular “‘lay- 
ing mash,’’ hopper fed. This mash 
consists of the following ingredients: 
6 Ibs. corn meal, 4+ lbs. ground oats, 
4 lbs. middlings, 2 Ibs. bran, 2 Ibs. 
alfalfa meal, 7 Ibs. beef seraps, 
14 lb. charcoal, 1 per cent common salt, 
3 per cent bone meal. With this 
mash was given the usual allowance of 
grain. Throughout the experiment 
the chickens were fed by the Poultry 
Division, so that they might have the 
usual care and diet. 

Complete autopsies were made on 
100 normal chickens, 50 from Group 


a ~ 6 oO ko 0 





environmental factors, variations in 
different breeds of fowls, ete. 
Weiauines.—The chickens in Group 
1 were weighed once a week from June 
26, 1920, to March 4, 1921. The 
other three groups were weighed every 
day from day of hatehing, or when 
they were removed from the incubator, 
until the Ist of October; then only 
three times per week until December 3, 
and once per week thereafter, until 
killed and autopsied. The weighings 
were always made in the morning 
before the chickens were fed or allowed 
the freedom of the yard or range. 


60 0 XO 


Fig. 1.—The two point-to-point curves show the average observed live weight per chicken for all groups 
combined. Up to the 55th day the line represents the average for both sexes; after this time the upper 
line represents the average for the males and the lower line that for the females. The six entries just be- 
yond the 300-day line are the six adults (of uncertain age) 


1, 15 from each of Groups 2 and 3, 
and 14 from Group 4. In addition to 
these 94 normal chicks at various 
ages, 6 older normal chickens (adults) 
were likewise autopsied for comparison. 

The number of birds used is not 
sufficient to establish final conclusions 
on many points; but the results will at 
least indicate the general trend of the 
growth changes which occur in the 
single-comb White Leghorn from time 
of hatching to maturity. These re- 
sults will serve as a basis for further 
and more detailed study of various 
phases of the problem, such as the 
variations due to nutrition and other 


They were weighed on a pair of spring 
milk-scales, sensitive to a hundredth 
of a pound. The entire group, or as 
many as possible, were weighed at a 
time, and the average weight per 
chick (in grams) was determined. 

Avutopsiges.—In selecting individuals 


. for autopsy those which were most 


nearly in accord with the weights as 
given by Card and Kirkpatrick (2) 
at corresponding ages were selected at 
various periods. This makes the aver- 
age weight of the autopsied chickens 
higher than the average live weight 
of the entire lot at the corresponding 
points (fig. 1). 
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The technic of the autopsy was as 
follows: The chickens were chloro- 
formed and then weighed. The feath- 
ers were pulled off and the chicken 
again weighed, the difference giving the 
weight of the feathers. The measure- 
ments of the chick were made after the 
removal of the feathers and the second 
weighing. The bird was laid right 
side down on a piece of paper, the 
neck gently straightened and the 
length from the tip of bill to anus 
marked on the paper. The distance 
from back to toe was measured in a 
similar manner. The other measure- 


ments were made with a pair of dividers. _ 


They include the following: Length of 
left leg from tip of toe to greater 
trochanter; length of left wing, from 
tip to proximal end of humerus; 
length of head; dorsoventral and 
transverse diameters of the thorax, just 
behind the anterior end of the sternal 
crest. 

The head was then cut off, the 
incision being made close to the base of 
the skull and through the spinal cord 
as it passes through the foramen 
magnum. The esophagus and trachea 
were severed just below the pharynx. 

The blood was allowed to drain from 
the severed vessels and was not meas- 
ured. The blood, larger masses of fat, 
mesenteries and larger vessels and 
nerves were not weighed separately. 
The integument was next removed. 
This includes the skin, with scaly skin 
from legs and feet, horny beak and 
claws; also some dermal fat which 
could not easily be removed, and the 
dermal muscles, especially in the neck 
and lateral thoracic regions. The 
uropygial glands were removed with 
the skin. The wattles and ear lobes 
were not weighed separately at first, 
and so are included in the integument 
of the smaller chicks. They were not of 
sufficient size to modify the results, for 
as soon as it was possible to separate 
them they were weighed separately. 

So far as possible, all fat and mesen- 
teries were removed from the viscera, 
and they and the parts of the body 
were immediately put in a moist cham- 
ber until weighed. The organs were 
weighed in closed containers on a 
chemical balance sensitive to one-tenth 
of a milligram. The body, after re- 
moval of all viscera, was cleared of all 
excess fat, mesenteries, etc., and 
weighed, in the case of the larger 
chickens, on a laboratory balance sen- 
sitive to one-tenth of a gram. 

The digestive tube includes all of the 
canal from beginning of esophagus to 


termination of intestine in the cloaca. 
The cloaca was not included. The en- 
tire digestive tube, together with con- 
tents, was first weighed; then the stom- 
ach and gizzard were cut out, opened, 
and each weighed after removal of 
contents. The crop was opened and 
contents removed. Next by gentle 
pressure the contents of esophagus and 
intestines were forced out. Then 
esophagus, crop, and intestines were 
weighed together. From these weigh- 
ings the weight of the entire empty 
canal and the ‘tare’, weight of con- 
tents, were computed. 

The muscles were then removed by 
careful dissection, and the ligamentous 
skeleton, with contained central 
nervous system, was weighed. Then 
the brain and the spinal cord were re- 
moved and weighed. 

The data were recorded upon in- 
dividual record cards and __ finally 
plotted in the form of the various 
graphs and curves shown in Figures 1 
to 31, inclusive. 

The curves shown in Figure 1 are 
point-to-point curves made by connect- 
ing the average body weight of the chick- 
ens for each week. In the construc- 
tion of the other curves the numerical 
averages of the gross body weight and 
the absolute weight of the organ were 
determined in general for each in- 
crease of 200 grams in gross body 
weight, and these average points were 
plotted on the preliminary chart. Then 
by means of French curves the growth 
curves were drawn in to fit the group 
averages as closely as possible. Later 
an empirical formula was determined 
for each curve and the curves as shown 
on the final charts were drawn accord- 
ing to the formulas. The final charts 
show the weights or measurements of 
the individual chickens as dots and 
circles and the growth formula em- 
pirically determined is shown by the 
heavier line. The percentage weights 
were plotted on the same abscissae as 
the absolute weights of the same organ. 
Double-weighted medians were deter- 
mined for these values as for the 
weights in grams, as described above. 
Then by means of French curves a 
curve was drawn through the double- 
weighted medians. This curve, with- 
out individual percentage values, is 
shown as the lighter line on the final 
charts. The net body weight (gross 
body weight minus the weight of the 
contents of the digestive tube) was 
used in determining the percentage 
weights. Crelle’s Rechentafeln was 
used in computing the data. 
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GROWTH OF THE BODY AND PARTS 


GROWTH IN BODY WEIGHT 


Growth in body weight is but an 
incidental and subordinate part of the 
problem. The increase in the gross 
body weight of the White Leghorn 
chick has been worked out thoroughly 
and for a large number of chicks by 
Philips (20), Card and Kirkpatrick 
2), Buckner (1), and others. The 
weighing of the chicks for the present 
experiment was undertaken chiefly to 
serve as a check upon the individuals 
selected for the autopsies. It will be 
shown, however, that the various 
groups in the present experiment give 
some information on the relative effects 
of certain kinds of food and care upon 
growth of the chickens. A reduction 
of 23 days in the period between 
hatching and egg production (as in 
Group 3 compared with Group 1), is a 
matter of practical interest. The im- 
portance of the time of hatching is 
also indicated by the slow growth of 
Group 4, a late-hatched group. 

Figure 14 shows the three phases 
of the postnatal growth of the entire 
chicken, which are as follows: A period 
of relatively slow increase in weight; 
a period of rapid growth; a decrease 
after the time of sexual maturity is 
reached, with the resulting flattening 
(horizontal tendency) of the curve. 
The irregularities in the terminal por- 
tion of the curve (especially notice- 
able in Figure 1) are due in part to 
the much smaller number of specimens 
weighed in the later periods. Any 
individual fluctuation consequently 
would modify the curve to a much 
greater degree. 

The growth curves of the individual 
groups were plotted but not shown with 
the accompanying charts. The slow 
growth of Group 4 was very noticeable. 
In Groups 1 and 3 there is a slight flat- 
tening of the curve for the females at 
about 150 days for Group 1, and 130 
days for Group 3, or about 40 days be- 
fore egg-laying began. This would sug- 
gest a prepuberal pause in growth, 
which does not occur in other domestic 
animals. The significance of this pause 
is questionable. 


*KEY TO FIGURES 


The growth data as given by the pre- 
vious investigators, when plotted on 
the same scale as the present figures, 
are of interest for comparison. ‘The 
data of Philips (20) and Card and Kirk- 
patrick (2) include only the weights of 
the females after it is possible to sepa- 
rate the males. Buckner and others 
(1) give the data for males and females 
separately. For comparison, the data 
for the two sexes are here grouped to- 
gether up to the ninth week. When 
the growth curves are compared it is 
seen that the average weight of the 
chickens used in the present work falls 
below the other three at first. It 
never runs so high as the curve con- 
structed from the data of Card and 
Kirkpatrick. They carried their weigh- 
ings only through the twenty-fourth 
week, but at this time the chickens (fe- 
males only) averaged 1,489.12 gm. 
while the Minnesota chickens averaged 
1,298.44 gm. The chickens reported 
by Philips (20) from the Indiana Ex- 
periment Station were heavier than 
those discussed in the present paper, 
up to the thirteenth week, when both 
groups averaged about 650 gm., but 
from this time on they were a very 
little lighter. The Indiana experiment 
was continued for only 24 weeks, at 
which time the chickens averaged 
1,248.50 gm., while the writer’s aver- 
aged 1,298.44 gm. 

The curve constructed from the 
data on the growth of the chickens re- 
ported by Buckner and others (/) from 
the Kentucky Experiment Station is 
more irregular than any of the others. 
It also runs higher than the present 
series up to between the thirteenth and 
fourteenth weeks, then it falls below. 
At the end of the 28 weeks the pullets 
from the Kentucky station averaged 
1,447.5 gm. for the hen hatched and 
reared, and 1,120.4 gm. for the artifi- 
cially hatched and reared pullets, as 
compared with 1,539.06 gm. for the 
artificially raised Minnesota pullets. 
The Minnesota cockerels likewise aver- 
age lighter than both the artificially 
and the hen-raised Kentucky cockerels 
up to the nineteenth and twentieth 
weeks. After this time the cockerels 
of the present investigation were heav- 
ier than the Kentucky artificially 


SOLID DoT.— Weight or measurement of the males (except in figure 27). 

CiRcLE.—Weight or measurement of the females (except in figure 27). 

ADULT.—Adult chickens (the three older cockerels and the three two-year-old hens). 

HEAVIER LINES.—Curves of growth of absolute weight (measured in grams) or measurements (in 
centimeters), all drawn according to formula, except Figure 1. 

LIGHTER LINES.—Curves of relative weight or percentage of the net body weight. Individual cases not 


shown. 


Y (ORDINATES).—(On left margin) weight of the part in grams or length in centimeters; (on the right 


margin) percentage of the net body weight. 


X (ABSCISSAE).—Gross body weight in grams, or age in days. 
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raised cockerels and slightly heavier 
than the hen-raised males. At the end 
of the twentyv-eighth week, when their 
experiment was concluded, the Minne- 
sota cockerels averaged 1,802.38 gm.; 
the hen-hatched and hen-reared cock- 
erels from the Kentucky Station aver- 
aged 1,748.1 gm.; and the artificially 
hatched and reared averaged 1,594.6 
gm. 
At hatching, the average weight for 
the series of this investigation is 36.59 
gm.; for the Connecticut chicks, 36.70 
gm.; and for the Kentucky series 41.5 
gm. for the hen-hatched and 41.6 gm. 
for the artificially hatched. 





not been kept continually before it. 
When milk and a constant supply of 
mash were supplied, Group 1 began to 
improve. The greater freedom of the 
range was given to this group alone, 
vet it lagged behind the other groups 
and the first egg was laid by this group 
at 189 davs, and by Group 3 at 166 
days. Thus Group 3 began laying at 
an age of 23 days younger than Group 1. 

The chart in Figure 2 gives only the first 
21 days of the curve of Figure 1, plotted 
on a larger scale. The formula from 
which this curve was drawn is: Y=[0.1 
(X + 1)!-% —0.104.X —0.026]453.59, in 
which Y represents the gross body 
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Average weight in grams of all chicks for the first 21 days. 
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This curve is plotted on a larger scale 


to show the postnatal decrease in body weight 


F There is a difference in the growth of 
the chicks in the four groups here dis- 
eussed. At the time of removal from 
the incubator their average weights 
were: Group 2, 34.47 gm.; Group 3,36.29 
gm.; and Group 4, 39.01 gm. Group 1 
was not weighed until the chicks were 
28 days old, and at that time the 
respective weights were: Group 1, 87.8 
gm.; Group 2, 136.1 gm.; Group 3, 
129.3 gm.; and Group 4, 113.4 gm. 
Group 4, it should be remembered, 
was hatched late in the summer, and 
although it was hen-reared, which has 
been shown to be better than artificial 
brooding, this did not compensate for 
the unfavorable weather conditions. 
Group 1, up to this time (28 days) had 
been given no milk, and dry mash had 


weight of the individual chick and X 
represents the age in days. 

The computed weight drops to 33.5 
gm. on the first day, while the observed 
average was 35.2 gm.; so a correction 
of about 1.7 gm. must be made in 
computing the weight of the one-day- 
old chick. The numerical averages for 
the chicks were: Day of hatching, 36.43 
gm.; first day, 35.2 gm.; second day, 
36.24 gm.; third day, 34.5 gm.; fourth 
day, 39.2 gm. 

This curve shows the characteristic 
postnatal decrease in weight, which is 
found in so many animals and which 
Minot (15, 16) found to persist in the 
chick until “by the fourth or fifth day 
they appear to entirely recover.’ It 
will be seen that the average weight of 
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the chicks from Groups 2, 3, and 4 is 
below the initial weight on the first, 
second, and third days, with the mini- 
mum on the third day. The initial 
weight is that observed when they were 
taken from the incubator. Not until 
the fourth day is the average weight 
greater than the initial weight. This 
decrease takes place although the 
chicks begin picking up sand as soon as 
placed in the brooder. The gizzard of 
the chick autopsied after one day was 
filled with fine sand, and the digestive- 
tract contents formed 4 per cent of the 
net body weight. In the chick at two 
days this tare formed 12.1 per cent, and 
at three days it had risen to 15.8 per 
cent of the net body weight. 

The gross weights of the 100 autop- 
sied chickensshownin Figure 1 are higher 
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From the foregoing data it may be 
concluded that the chicks show a post- 
natal loss in body weight which is not 
recovered until the fourth day. The 
curve of postnatal growth in weight 
shows three general phases: First a 
period of slow growth, then a period of 
rapid growth, followed by a slow in- 
crease which may continue for some 
time. There is possibly a_ slight 
prepuberal retardation and rise, but 
this is doubtful. After 70 days the 
cockerels become distinctly heavier 
than the pullets of corresponding age. 
GROWTH IN LINEAR MEASUREMENTS 

Bopy LENGTtH.—The~ growth in 
length of the chick from the tip of the 
beak to the cloacal orifice is shown in 
the chart in Figure 3. The formulas 
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Fic. 3.—Nose-to-anus length, or body length from tip of bill to cloacal opening, measured in centimeters 


and plotted on age in days. 


than the average live weights for the 
groups from which they came. During 
the earlier part of the work, individuals 
conforming to the average weight as 
given by Card and Kirkpatrick (2) for 
corresponding ages were selected, and 
this naturally raises the average for the 
autopsied chickens. 

The drop in the average weights of 
the pullets after 200 days (fig. 1) is 
similarly due to the removal of the 
larger pullets earlier in the experiment, 
and is not the result of a decrease in 
weight of the individual pullets. The 
weights of the six older birds indicate a 
continued slow average increase in the 
period after the weighings were stopped. 
This increase is due very largely to an 
increase in adipose tissue, although 


some organs continue to grow, as will 
be shown later. 


The females (circles) appear relatively shorter after 115 days of age 


from which these curves were drawn 
are, for the males from 10 to 145 days: 


Y =2(X°-58) +0.013X +6.07; from 

145 to 300 days, Y =0.0148(X — 
145) + 43.79. 

The formulas are, for the females from 

LO to 115 days: 


Y =2(X°) +0.013X + 6.07, and 
from 115 to 300 days, Y= 
0).0211(X —115) + 38.89. 


Y represents the body length in cen- 
timeters and X represents the age in 
days. 

A comparison of this chart and that 
in Figure 1 shows that nearly the maxi- 
mum length is reached at about 115 
days for the pullets, or when they reach 
about 55 per cent of the mature weight; 
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and about 30 days later for the cock- 
erels, or when they reach about 75 per 
cent of their mature weight. The 
second part of the curve for both 
male and female is a_ straight line, 
but not a horizontal line as in the 
following linear measurements. This 
may be explained in part by the fact 
that this measurement is not entirely 
a skeletal measurement because it is 
affected by the distention of the abdo- 
men. The greater increase in body 
weight in the pullets after completion 
of ossification is in part due to the addi- 
tional weight of the reproductive tract 
and the greater amount of fat. Still 
these two factors will not account for 
all the difference. We must, therefore, 
conclude that the maximum length, or 





L\ieésssseesceses tai 
fe) 40 60 








Vol. XXIX, No. & 


days, after which time it remains con- 
stant at 34.40cem. The back-toe meas- 
urements were also plotted; but the 
curve corresponded closely to that for 
the leg (except that it was about 1.5 
em. greater) and it has, therefore, been 
omitted from the charts. The left 
leg and left wing only were measured. 

The growth in length of the leg corre- 
sponds closely with that of the body, 
the completion of growth (curves be- 
coming nearly horizontal) being at 
nearly the same time for each. The 
males become taller, however, and con- 
tinue to increase in height after the 
females have attained their maximum 
height. The growth of the length of 
the leg is practically completed at 141 
days in the males and at 106 days in 
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Fic 4.—The upper set of curves and individual cases show the length of the leg (in centimeters) from the 
greater trochanter of the femur to the tip of the extended middle toe. The length of wing from the 
greater tuberosity of the humerus to the tip of extended wing is shown in the lower part of the chart 


the fusion of the epiphyses and dia- 
physes occurs earlier in the pullet, not 
only in relation to age but also in rela- 
tion to the attainment of the total 
body weight. 

EXTREMITIES.—Figure 4 shows the 
increase in length of the legin the upper 
curves and of the wing in the lower 
curves. The formula from which the 
curves for leg length were drawn is: 


Y =X.5_ 0.05X-+6.68 


in which Y represents length of leg in 
centimeters and X represents age in 
days. For the males the formula 
applies from 5 to 141 days. The 
curve then remains constant at 40.5 
em. The formula was used in draw- 
ing the curve for the females from the 
fifth to the one hundred and _ sixth 


the females. In this chart the average 
leg length for the mature males is 40.5 
em. and 34.4 em. for the mature fe- 
males. In all the charts of the linear 
measurements the ‘“‘adults”’ are larger, 
but they were selected from their 
groups as heavier chickens and conse- 
quently would be apt to have a larger 
skeleton and be larger in other respects. 

The lower curve in Figure 4 shows 
for the wing length a less marked sex 
difference. The formula for the curves 
of wing length is: 


Y= X°-+0, 028X +3.12 


in which Y represents length of wing 
in centimeters and X represents age 
in days. The formula was used for 
the males from 5 to 130 days, after 
which the curve remains constant at 
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23.57 em. For the females the for- 
mula applies from 5 to 105 days and 
then the curve remains constant at 
20.92 em. In this case the time of 
the cessation of growth in length is 
also less definitely marked. The ad- 
ult wing length in the male is reached 
at 130 days, or 11 days earlier than the 
adult: leg length, and at 105 days in 
the female, which is about the same 
time that the maximum leg length is 
attained. Thus the pullets show an 
earlier development in both these 
measurements. 

Tuorax.—lIn Figure 5 the two diam- 
eters of the thorax are plotted against 
age. The formula from which the 
eurves for the dorsoventral diameter 
were drawn is: 


Y= X°-454.0,014X +0.44 


in which Y represents the dorsoventral 
diameter in centimeters and X repre- 


0 00 









two sets of curves, the transverse diam- 
eter increases for a much longer time 
than does the dorsoventral diameter. 
This measurement is affected more by 
the deposit of fat, a large mass of sub- 
dermal fat being found on either side 
of the breast in the fat chickens. An- 
other factor which influences these 
measurements is the possible increase 
in size of the thoracic cavity and the 
dilation of the bony thorax. This 
measurement and the body length are 
the only two which continue to increase 
throughout the entire series and both 
of them involve other factors than 
skeletal growth. The six older chickens 
differ from the others more in these 
two measurements than th y do for 
the preceding measurements shown in 
Figures 3 and 4. 
The thoracic index 


dorsoventral diameter x 100 


transverse diameter 

















Fic. 5.—Dorsoventral diameter (upper part of chart) and transverse diameter of the thorax (lower part of 


chart) plotted on age in days. 
end of the sternum. 


sents age in days. For the males 
this formula applies from 10 to 150 
days and then the curve remains 


constant at 12.06em. For the females 
the curve was drawn from the formula 
from 10 to 125 days, after which this 
curve remains constant at 10.97 em. 
The formula for the transverse diame- 
ter of the thorax is: Y= X°-*’, in which 
Y represents the transverse diameter 
of the thorax measured in centimeters, 
and X represents age in days. This 
formula applies from 10 days of age 
to the adult stage. The dorsoventral 
diameter was taken just back of the 
anterior end of the crest of the ster- 
num and the transverse diameter was 
always taken in the same _ plane. 
Both of on diameters show a longer 
period of increase than do the preced- 
ing linear measurements. This may 
be explained by the fact that these 
measurements are not purely skeletal. 
As can be seen by a comparison of the 
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Both diameters (in centimeters) w 
The dorsoventral diameter appears smaller in the older females 


were made just posterior to the anterior 


was determined for the chickens. 
Throughout the entire series, and 
including the six older birds, there 


appears no significant change and no 
sex difference. The index averages 
about 175. 

Had these two diameters of the body 
been taken in the abdominal region 
there would have been apparent a 
much more noticeable sex difference; 
for in the later part of the period during 
which the birds were studied there is 
a marked difference in the shape of 
the body in the male and female. In 
the male the maximum depth or 
dorsoventral diameter is but a centi- 
meter or two caudad to the point used 
in measuring this diameter. In the 
pullets, however, the anterior end of 
the body had the smaller dorsoventral 
diameter. In other words, the pos- 
terior region of the female body cavity 
becomes distended with the larger 
reproductive tract, and the greater 
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accumulation of fat in this region, 
tending to push downwards the ventral 
body wall. This produces the ventral 
sagging of the abdominal wall, which 
is characteristic of a laying hen. 
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than the leg length. There is less 
sex difference than would be expected 
from the weights. As will be shown 
later, the male comb is far larger and 
the weight of the head in the older 
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Fic. 6.—Length of head (in centimeters) from tip of bill to the most posterior part of the head, plotted on 
age in days. After about 105 days the head appears shorter in the females 


Hrap Lenatu.—Figure 6 shows the 
increase in length of the head. The 
formula is: Y= X°-*6+ 0,007X + 1.44 
in which Y represents the head length 
in centimeters and X represents the 
age in days. The formula applies to 
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male birds is consequently greater 
than the weight of the head in the 
females. A study of Figures 6, 7, and 
10 will suggest that the sex difference 
so evident in the head weight is due 
very largely to the greater weight of 


rm 


Fic. 7.—Growth in absolute and percentage weight of the entire head, without feathers, plotted on 
gross body weight. The individual specimens at 2,300 and 2,440 gm. gross body weight were too 
heavy to be included on the chart. A sex difference in head weight appears beyond about 300 gm. 
gross body weight. This difference is accentuated by the increased growth of comb in males above 


1,400 gm. in gross body weight 


the males from 10 to 140 days, then 
the curve is constant at 8.34 em. For 
the females the formula applies from 
10 to 105 days after which time the 
curve remains constant at 7.5 em. 
The growth curve of the head length 
resembles the wing length more closely 


the male comb and wattles. The 
linear measurements when plotted on 
age all show a continuous convexity 
superiorly, although the curves show 
different rates of growth and _ rates 
differing at different ages of the chicks. 
The linear measurements employed 
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all show an earlier maximum than do 
the curves of gross body weight (fig. 1), 
doubtless due to complete ossification 
of the skeleton before adult weight is 
attained, 

Heap wetcut.—-The increase in ab- 
solute weight of the head plotted on 
gross body weight and the percentage 
of the net body weight are shown in 
Figure 7. The formulas used in draw- 
ing these curves of growth in absolute 
weight of the heads of the males are: 


b xo.5 3 
from 50 to 300 gm. gross body weight, 
Y = X°-*—0,013.X — 12.72 











in grams. The cases in which the 
body weight is over 2,200 gm. are 
the adult specimens. They are not 


included in the curve, although the 
individual head weights are indicated 
on the chart. From 300 gm. gross 
body weight, or 55 days of age, there 
is a sex difference in head weight, due 
in large part, as suggested above, to 
the greater development of the comb 
and wattles in the males (fig, 10). 
The percentage weight of the head 
shows no initial rise but drops rapidly 
at first and later shows a sex difference. 
Jackson and Lowrey (9) found that 
in the postnatal growth of the rat the 
head at first increases more rapidly 
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from 400 to 1,400 gm. gross body weight, 
and, 

Y=0.0554 (X 
from 1,400 to 2,300 gm. gross body 
weight. 

The formulas for the females are: 
Y= X°5—3 
from 50 to 600 gm. gross body weight, 


1400) + 46.28 


Y=0.0167 (X —600) + 21.49 
from 600 to 2,500 gm. gross body 
weight. 


In all these formulas Y represents 
the weight of the head in grams and 
X represents the gross body weight 
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than the rest of the body and there 
is no sex difference. The head is 
relatively much lighter in the chicken, 


for its maximum percentage weight 
in the chicken is a little less than 
half that for the rat. In the adult 


rat the head forms about 9 per cent 
of the body, while in the chicken it is 
only about 4 per cent in the male and 
between 2 and 3 per cent for the female. 
GROWTH OF THE SYSTEMS 
ORGANS 
INTEGUMEN?E 

Skin.— Figure & shows the weight 

of the integument, excluding feathers, 


AND 
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comb, and wattles, plotted on gross 
body weight, also its percentage of 
the net body weight. The formula 
is: 

Y=0.0836X 


in which Y represents the weight of 
the integument in grams and X the 
gross body weight in grams. 

From this chart it is clearly evident 
that the growth of the skin is in direct 
proportion to the total increase in 
body weight, and that there is no 
appreciable sex difference. The per- 
centage weights of the skin show no 
marked changes, forming about 8.9 
per cent of the net body weight. 


180} +4244 


not left in the skin to be weighed 
with the integument. 

Freatuers.—The growth of the 
feathers (fig. 9) follows a course en- 
tirely different from that of any of 
the preceding curves. To some extent 
it resembles the growth of the thymus 
(fig. 22). 

The formulas for the males are: 


Y = (0.01 X)!*+-0.0545X — 0.45 
from 100-600 gm. gross body weight, 
Y=0.1 (2.—600) + 44.53 
from 600-1,640 gm. gross body weight, 
Y = 148.53—0.04 (X — 1,640) 
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Fic. 9.—Weight in grams and percentage weight of the feathers. The abscissa represents the gross body 
weight. The case at 1,210 gm. and all of those above 2,200 gm. gross body weight are shown on the 
chart though not included in the data for the formula. A sex difference is apparent in the larger 


specimens 


This is less than the figures given by 
Welcker and Brandt (28), who give 
18.86 per cent for the skin and sub- 
dermal fat for the domestic fowl, and 
from 12.57 to 18.07 per cent for the 
skin only of the other species of birds 
investigated. Their percentage weights 
doubtless include the feathers, how- 
ever, which would make them more 
nearly comparable with those in the 
charts. The. percentage weights of 
the skin for the various animals as 
given by Welcker and Brandt show a 
wide range and are in most cases 
greater than the values found in the 
Minnesota chickens (without feathers). 
According to Wiedersheim (29), the skin 
of birds is relatively thin; moreover, 
in removing the feathers, the shaft is 


from 1,640-2,400 gm. gross body 
weight. 
The formulas for the females are: 
Y = (0.01X)'!*+-0.0545.N — 0.45 
from 100-600 gm. gross body weight, 
Y=0.1 (X—600) + 44.538 
from 600-1,270 gm. gross body weight, 


Y = 111.53—0.038 (X — 1,270) 


from 1,270-1,900 gm. gross body 
weight. 

In all these formulas Y represents 
the weight of the feathers in grams 
and X represents the gross body weight 
in grams. 
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In single-comb White Leghorns the 
wing feathers begin to appear very 
early and the rest of the plumage is 
developed earlier than in some other 
breeds. The weight of the feathers 
increases more rapidly than the body 
weight, increasing from a little over 
4.5 per cent to nearly 8 per cent of 
the net body weight, and then de- 
creasing again. 

After 1,260 gm. gross body weight 
there is a sex difference in the per- 
centage weights. The absolute weight 
of the feathers increases without any 
sex difference until the body weight 
reaches 1,270 gm.; then the curve for 
the females begins to decline. The 
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the structure of the feathers. Until 
the feather is completely developed, 
the shaft contains a large amount of 
vascular tissue, but later the vascular 
tissue in the shaft atrophies and dries 
out. This results in a marked decrease 
in weight of the plumage. The female 
plumage is completed before that of 
the male, thus resembling the growth 
of the body as a whole and the ossi- 
fication of the skeleton, as already 
shown. 

Weiske (30) reports an increase fol- 
lowed by a decrease in the absolute 
and relative weights of the feathers in 
his 12 specimens. In the newly hatched 
chick weighing 40.9 gm. the weight of 


+ 
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Fig. 10.—Individual weights of the combs and the two wattles (combined), plotted on gross body 
weight. Ear lobes are shown for the older chickens only. The encircled dots represent the ear lobes 
of the male; the double circles, weight of the ear lobes of the females. No curve was drawn for this 


chart since the data are too irregular 


curve for the male plumage increases 
up to a gross body weight of 1,640 gm. 
and then it too decreases. The sex 
plumage, the sickle feathers, saddle 
feathers and the long feathers on the 
neck are the last to develop, and the 
growth of these probably carries the 
curve for the male plumage to a higher 
level than that reached by the female 
plumage. The same rise, followed by 
a decrease in the female and later in 
the male plumage, is also observed 
when the absolute weights are plotted 
against age. 

This rise and fall in both relative 
and absolute weights, plotted against 
both the gross body weight and against 
time, are correlated with changes in 


the feathers is given as 0.7295 gm. 
The maximum weight given is 83.59 
gm. at 34 weeks when the gross body 
weight is 1,094 gm. From this point 
the weight of the feathers decreases to 
57.23 gm. at one year. 

The percentage values rise from 3.07 
per cent at hatching to a maximum of 
14.61 per cent at 660 gm. gross body 
weight (twenty-fourth week) and again 
decrease to 6.86 per cent at one year 
of age or a gross body weight of 1,360 
gm. 

CoMB AND WATTLES.—Figure 10 
shows the absolute weights of the 
comb and wattles combined, and the 
weights of the two ear lobes (com- 
bined) for the older chickens. All are 
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plotted against the gross body weight. 
No formula or curve was made for 
this chart because the individual cases 
shown on the chart are too variable. 
In the very young chicks the wattles 
were so small that they could not be 
separated from the integument over 
the mandible. As soon as they could 
be distinguished they were removed 
and weighed with the comb. When 
plotted against age or body weight, 
the comb and wattles of the male 
birds appear more irregular in their 
growth than those of the females. The 
ear lobes were not weighed in all cases 
and hence are not shown for all the 


yale dass ctsti teed HH 
0 20 6400 600 1000s [200 





Vol. XXIX, No. 8 








The muscles and integument form 
nearly straight lines when thus plotted, 
as shown in Figures 8 and 11. The 
musculature was also plotted on age, 
and the resulting curve resembled the 
curve of gross body weight (fig. 1). 
Figure 11 shows possibly a very slight 
sex difference in the heavier chickens, 
but only the one curve and formula 
are given. The percentage weights of 
the muscles show an increase from 
about 21 or 22 per cent of the net 
body weight at hatching to a little 
over 50 per cent for some of the larger 
chickens. The musculature of the 
three older cockerels averages about 
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Fig. 11.—Weight of the muscles in gm. as the heavier line. The lighter and more sharply curved 
line represents the percentage weights of the musculature. Both are plotted on gross body weight 


chickens. Their increase in weight 
appears to be more regular than that 
of the comb and wattles. 


MUSCULAR SYSTEM 

The absolute weight of the skeletal 
musculature and also its percentage 
weight, plotted against gross body 
weight, are shown in Figure 11. The 
formula for this chart is: 

= (0.01.X)'8+0.35X —5 

from 50-2,600 gm. gross body weight. 

Y represents the weight of the mus- 


culature in grams and X represents 
the gross body weight in grams. 


50 per cent while that of the three 
hens averages only about 43 per cent. 
There is a similar difference in the 
older chickens in this series, the muscles 
of the males forming a larger percent- 
age of the net body weight than do 
those of the females. It is popularly 
supposed that there is relatively more 
‘meat’? (muscle) in a hen than in a 
rooster, but the present data show 
that this is incorrect. 

The musculature in the chicken at 
first increases in weight more rapidly 
than the rest of the body and later 
forms about 50 per cent of the net 
body weight, with no marked sex 
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difference. There is no postnatal de- 
crease in percentage weight of muscle, 
as described by Jackson and Lowrey 
(9) for the rat, 

The relative weight of the muscular 
system seems to vary greatly in differ- 
ent species. According to Welcker 
and Brandt (28) it varies from about 
19 per cent in the tortoise to nearly 59 
per cent in the perch. Their average 
for the domestic fowl was 54.5 per cent. 
Jackson and Lowrey (9) have pointed 
out that the percentage weight of the 
muscles does not vary in proportion to 
the size of the animal. There seems 
to be some evidence to indicate that 
within a group or phylum of animals, the 
activity, or the ability to perform pow- 
erful or rapid movements, is correlated 
with the relative weight of the muscu- 
lature in the animal. 
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Fig. 12.- 
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Y represents the weight of the moist 
ligamentous skeleton in grams and X 
represents the gross body weight in 
grams. 

This curve shows no sex difference 
until a body weight of 900 gm. is 
reached. Unfortunately, there are no 
male skeletons at body weights be- 
tween 950 and 1,190 gm., but there is 
probably no marked change, since the 
curve for the males continues in a 
straight line up to 1,200 gm gross body 
weight. 

At about 900 gm. of gross body 
weight there comes a marked change in 
the curve for the female skeletons; it 
continues to increase but not nearly so 
rapidly as before this time. The curve 
for the male skeleton continues at the 
same rate until 1,200 gm. in body weight 
is reached. From this point on, the 
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The curves represent the absolute weights (heavier line) and the percentage weights (lighter line) 


of the moist ligamentous skeleton, plotted on gross body weight 


SKELETAL SYSTEM 


Figure 12 shows the absolute and 
the percentage weights of the moist 
ligamentous skeleton, plotted against 
gross body weight. The formulas for 
the males are as follows: 


Yy=0,14X 
up to 1,200 gm. gross body weight, 
Y = (X —1100)°?—0.04X +-190.88 


from 1,200—-2,500 gm. gross body 
weight. 
For the females the formulas are: 
Y=0.14X 


up to 900 gm. gross body weight, 
Y = (0.01X)'*?—0,075X + 151.64 
from 900—2,400 gm. gross body weight. 


male, too, shows a relatively slower 
skeletal growth. 

The cases above 2,200 grams in gross 
body weight shown on the chart are 
the six older chickens. It is seen that 
these fit into the curve for the younger 
chickens, indicating that there is no 
radical change in the skeletal weight 
after about 300 days. When the 
weights of the moist ligamentous 
skeleton are plotted against age there 
is even a more evident sex difference, 
the curves of male and female skeleton 
separating at about 120 days of age. 
This appearance of a sex difference in 
weight of the skeleton corresponds 
rather closely to the beginning of a sex 
difference in the growth of the linear 
measurements of the charts shown in 
Figures 3 to 5. 
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The relative weight of the skeleton 
shows at first a very slight increase 
attaining a maximum average of about 
16 per cent and then decreasing to 
about 11 per cent for the males and 
about 8 per cent for the females. The 
greater percentage weight of the moist 
ligamentous skeleton in the cockerels 
can not be accounted for entirely by 
the smaller proportion of fat or of re- 
productive tract in the male. It must 
be due to other differences in the struc- 
ture of the birds. The cockerel is 
characteristically longer-legged than 
the pullet. Moreover, the shape of the 
body is different, as mentioned pre- 
viously, the cockerels having a larger 
anterior part of the body, which con- 
tains more bony skeleton, while the 
pullets have a relatively larger poste- 
rior part of the body which is not so 
well supplied with skeleton. 
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left side. In no specimen were more 
than eight pairs of ribs found. 


DIGESTIVE SYSTEM 
Digestive TuBE.—The chart in Fig- 
ure 13 shows the growth in weight of the 
entire digestive tube, without contents, 
and the percentage weight, plotted 


against the gross body weight. The 
formulas are: 


Y= X?-+40.0053.X — 4.91 
from 30-1,400 gm. gross body weight, 
Y = 0.013(X~—1,400) + 91.74 


from 1,400—2,500 gm. gross body weight. 

Y represents the weight in grams of 
the entire digestive tube, and X, the 
gross body weight in grams. 


3 


Fic. 13.—Changes in the absolute and relative or percentage weights of the digestive tube (without 
contents), plotted on gross body weight 


The sex difference in the ligamentous 
skeleton of the chicken is also apparent 
in the relative (percentage) weight 
above 900 gm. in body weight. The 
figures given by Jackson and Lowrey 
(9) for the relative skeletal weight in 
the rat are slightly higher, and show no 
sex difference. Welcker and Brandt 
(28) give 11.69 per cent as the average 
for the two male chickens. 

In making the autopsies on the 100 
chickens, 11 (7 males, 4 females) were 
found with extra ribs. These varied 
from short pieces of bone imbedded in 
the body wall and not connected at 
either end with other skeletal elements 
to complete and normally articulated 
ribs. These extra ribs were found on 
one or both sides of the body. In 
seven males there were seven with ex- 
tra right ribs and four with extra ribs 
on the left side. The four pullets with 
extra ribs had four with extra right 
ribs and three with extra ribs on the 


This curve shows a more rapid rise 
at first followed by a second phase of 
slower growth. There is no apparent 
sex difference. The weights of the di- 
gestive tube when plotted on age 
form a curve strikingly like that in 
Figure 13, except that the first part of 
the curve is concave on its upper side 
and there is a slight difference in the 
curves for the males and females. In 
this case (as also for other organs) the 
curve for the male digestive tube is 
higher, corresponding to the greater 
body weight of the males. The curve 
of the relative or percentage weights 
shows a continuous decrease from about 
15 per cent to about 4.5 per cent. Dur- 
ing the first few days there is an increase 
in the percentage weight, but this is not 
indicated inthechart. The percentage 
weights of the empty tube in the nine 
chicks ranging in age from day of 
hatching to 8 days are as follows, in 
order of age; 8, 8.2, 13.6, 12.4, 14, 13.9, 
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18.5 (for the sixth day, the highest of 
all), 15 and 14. 

Welcker and Brandt (28) give 5.02 
per cent as the average for the canal 
in their two male chickens (adult). 
This is very close to that of the older 
Minnesota cockerels and but slightly 
higher than that of the hens. Jack- 
son (8) gives about the same percent- 
age values for the adult rat (esophagus 
not included), but finds that it in- 
creases from an average of about 2.4 
per cent in the newborn to a maximum 
of about 8 per cent at six weeks of 
age. Thus the maximum relative 
weight of the digestive tube is attained 
much earlier in the chick and at this 
time it forms twice the relative weight 
of the tube in the rat. The greater 
weight of the tract in the chick at the 
beginning may be correlated with the 
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The cases appear more irregularly 
scattered than in the charts of the 
other parts of the digestive tube, for 
perhaps three reasons: (1) The scale of 
the ordinates is larger; (2) the separa- 
tion of the stomach from the rest of the 
digestive tube was rather difficult, for 
there is no sharp line of separation 
between it and the esophagus; (3) the 
proventriculus may vary in size more 
than the other parts. The curves of 
both absolute and relative weights are 
very similar to the curves for the 
entire digestive tube (fig. 13). 

Gizzarv.—Figure 15 shows the ab- 
solute weights of the gizzard, separately 
plotted against gross body weight. 
The lighter line shows the percentage 
weights. The formulas are: 


Y= X°-8+-0.01X —5.12 
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Fic. 14.—Growth of the stomach or proventriculus (without contents), plotted on gross body weight 


difference in diet. In addition the 
chicken has the heavy-walled gizzard 
which frequently equals the weight of 
the intestines, crop, and esophagus 
together. 

Stomacu.—Figure 14 shows’ the 
growth in the absolute and relative 
weight of the stomach or  proven- 
triculus, plotted against gross body 
weight. The formulas are: 


Y= X°3—0.0002X — 2.96 
from 80-1,200 gm. gross body weight, 
Y =0.00042 (X — 1,200) +5.19 


from 1,200-2,500 gm. gross 
weight. 

Y represents the weight in grams of 
the stomach and X represents the 


gross body weight in grams. 


body 





from 80-1,500 gm. gross body weight, 
Y =0.0062 (X —1,500) + 43.33 


from 1,500-2,500 gm. gross body 
weight. 
Y represents the weight of the 


gizzard in grams and X, the gross body 
weight in grams. 

The relations are discussed in the 
following paragraph. 

INTESTINES.—Figure 16 shows the ab- 
solute and relative weights of the intes- 
tines (also including crop and esophagus) 
plotted against the gross body weight. 
The formulas are: 


Y = (X +100)9-5’—0.002X — 14.57 
from 30—1,200 gm. gross body weight, 
Y=0.0057 (X —1,200) + 42.59 


from 1,200-2,500 gm. gross body 


weight. 
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Y represents the weight in grams of 
the intestines and X the gross body 
weight in grams. 

The large paired caeca are also 
included . with the weights of the 
intestine. A comparison of the charts 
in Figures 15 and 16 shows that, while 
the intestines and gizzard grow at very 
nearly the same rate, yet the gizzard 
lags behind the intestines throughout 
the middle part of the curve. This 
would indicate that the intestines 
complete their growth a little earlier 
than the gizzard. 

The three regions into which the 
digestive tube was divided grow appar- 
ently at about the same rate. A com- 
parison of the charts (figs. 14, 15, 16) 
will show a marked similarity. The 
relative weight of the intestines com- 
pared with the net body weight shows 
a short rise and then a decreasing rate 
of growth until in the adults the intes- 


walls, which were thrown into longi- 
tudinal folds. 

The use of gross or net body weights 
for abscissae and for calculation of 
percentage weights raised the question 
of the amount of tare or contents 
of the digestive tube. For abscissae it 
seemed best to use the gross weights 
because these are more easily deter- 
mined and more generally useful for 
reference; but for calculating percent- 
age weights, the net body weight was 
used. It was thought that a corrective 
factor could make possible the con- 
version of gross into net weight, or vice 
versa. The absolute and the percent- 
age weights of the tare were therefore 
plotted on age, but there appeared a 
surprising variability in both cases. 
As might be expected the increase in 
contents is very rapid at first. 

Just after hatching and for the suc- 
ceeding three days the absolute weights 
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Fic, 15.—Absolute and relative or percentage weights of the empty gizzard. The heavier line represents 
the weight in grams. The lighter line shows the percentage of the net body weight 


tine forms about 2 per cent of the 
net body weight. This short initial 
increase in percentage weight is found 
also in the pancreas, liver, and kidney, 
all organs concerned with nutrition and 
excretion, which up to this time have 
been carried on by the yolk sac and 
allantois. It looks as though these 
organs made a rapid growth to meet 
the demands of the organism as soon 
as it had to provide for itself. The 
proventriculus or glandular stomach 
does not show this early rapid growth. 

CONTENTS OF DIGESTIVE TUBE.—In 
connection with the digestive tube may 
be mentioned the contents found there- 
in. The stomach never contained 
much food and usually showed none, 
while all the other parts of the canal 
(from crop onward) were generally 
more or less filled. In the stomach or 
proventriculus was always found a 
characteristic whitish mucus lining the 


are: 0.7, 1.4, 3.7, and 6 gm. Until a 
little after the one hundredth day the 
variation in absolute weight of the 
tare is not great, but after that day 
the range is from 30.9 gm. to 160.9 gm. 
The relative weights for the first six 
days following the date of hatching are: 
2.3, 3.95, 12.1, 15.8, 14.8, 18.2, and 
19.3 per cent, reaching the maximum 
found in any specimen. While the 
cases are very irregularly arranged, 
their average slowly falls after the 
sixth day to about 4.5 per cent of 
tare for the adults. The use of this 
number as a means of changing from 
gross to net body weight would give 
only approximate results, however, for 
the variation is very great. 

A part of the tare in the fowl is 
the gravel in the gizzard. In a major- 
ity of the older chickens, some grit or 
small stones appeared in the large 
intestine. Why they should be more 
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abundant in this part of the intestine 
is not easy to say. The presence of 
grit in the posterior part of the intestine 
was not observed in the younger chicks. 
Fine sand was found in quantity in the 
gizzard of the one-day-old chick, or 
before there was any food present. 

Jackson and Lowrey (9) find that the 
intestinal contents for the albino rat 
during postnatal life do not average 
more than 5 per cent of the body, 
excepting at 6 weeks, when the average 
was about 8 per cent. 

Youk sac.—As is well known, the 
yolk sac is inclosed by the abdominal 
wall just before hatching, and the 
resulting scar can readily be seen on the 
young chick just after hatching. Aris- 
totle long ago observed the yolk sac 10 
days after hatching; and William 
Harvey found it in a chick 13 days old. 
H. Virchow (27) found the yolk sae 
weighing an average of 5.34 gm. just 
after hatching, but reduced to about 


























Tas.Le I.—Data for the oldest six cases 
in which the yolk sac was found 


in Percent- 

Pa Age in Gross yolk sac, age of 
Sex i body . 
days weight weight | net body 

weight 

Gm Gm. 
Male 151 1, 633. 2 0. 079 0. 0050 
Femalk 167 1, 324.7 . 058 . 0046 
Male 72 1, 820. 9 . 822 . 0480 
Female 181 1, 363. 8 (2) (4) 

Do 202 | 1,707.3 . 033 | 0020 
Male 237 2, 023. 5 . 858 . 0459 
a Yolk sac was 2 mm. in diameter, but was not 


weighed 


The yolk sac was found in one of two 
conditions. Either it was soft in con- 
sistency and more or less imbedded in 
the abdominal wall (as was the last 
one), or it seemed to have broken free 
from its attachments and formed a 
hard spherical structure, filled with a 
more or less chalky mass, in various 
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weight as the heavier line. 


0.05 gm. on the sixth day. Kaupp (1/1) 
reported an average weight of 8.5 gm. 
for the yolk sac in 10 newly hatched, 
single-comb White Leghorn chicks. 
At 43 hours he found it reduced to 5 
gm., and still present at 120 hours, 
although the weight is not given. 

The findings concerning postnatal 
persistence of the yolk sac are as fol- 
lows in the present series: The yolk sac 
was found in every chick, with one 
exception (thirty-first day), up to and 
including the thirty-sixth day. From 
38 to 108 days, inclusive, it was present 
15 times and not found in 12 chicks. 
After the age of 108 days, the yolk sac 
was found in 8 chickens (4 males, 4 
females), the older being a cockerel 237 
days old. It was exceedingly variable 
in weight. For example, the first yolk 
sac weighed 5.05 gm.; at one day, 7.56 
gm. (the heaviest found). In the chick 
at 2 days it weighed but 1.4 gm. and 
at 12 days, 6.01 gm. 
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3. 16.—Weight of the esophagus, crop, and intestines (all without contents 
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plotted on gross body 


Percentage weights plotted as the lighter line 


positions in the abdominal cavity and 
with very slight or no attachments. 

Meckel’s diverticulum, or the primi- 
tive attachment of the yolk stalk, per- 
sists constantly as a small tubular 
outgrowth from the free side of the 
intestine. It was 6 mm. in length in the 
230-day chick, which was about the 
average. There seems to be a tendency 
for this to shorten very slightly with age, 
but even in the hens 2 years old it was 
present as a small diverticulum several 
millimeters in length and always with a 
lumen open widely into the intestine. 

Liver.—The growth in weight of the 
liver and gall bladder (fig. 17) follows 
the same general type of growth curve 
as the other parts of the digestive tract. 
There is no significant sex difference. 
The formulas are: 


Y=X*+0, 017X —5. 29 
from 70-1,500 gm. gross body weight, 
Y=0. 00715 (X—1, 500) +45. 18 
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from 1,500-2,400 gm. gross body 
weight. 

Y represents the weight of the liver 
in grams and X represents the gross 
body weight in grams. 

The percentage weights of the liver 
form a curve also resembling the per- 
centage curves for the other parts of 
the digestive system, although the 
changes are not so marked. There is a 
short period of initial rise from 3.1 per 
cent at hatching to a maximum of 6.2 
per cent at 7 days, followed by a slow 
decline to about 2.5 per cent. ‘There 
seems to be a tendency for the liver in 
the females to run higher (possibly 1 
per cent higher) than in the males. 
This is reversed for the six older 
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fact made on the record cards.) The 
storage of additional fat, glycogen, 
ete., in the heavy livers is a possible 
explanation for the marked increase in 
the weight of the liver in the last three 
cases on the chart and for at least some 
of the heavier cases recorded for 
chickens under 2,400 gm. In the very 
young chicks the liver had a yellowish 
color, but on the fourth day the liver 
was pinkish, and from then on rapidly 
changed to the characteristic dark red 
in the older birds. 

Zaitschek (31) reports no appreciable 
change in the percentage values of the 
livers in two chickens which he fat- 
tened for 55 days. At the end of the 
period they had gained 71.9 and 133.8 





ayid 





Fig. 17.—The percentage weight (lighter line) and the weight in grams (heavier line) of the liver. The 
three cases above 2,400 gm. gross body weight are shown on the chart though not included in the com 


putation of the formulas 


chickens, for in these the percentage 
weights of the livers in the males aver- 
age higher than in the females. After 
the chickens become mature, they 
become very fat, especially the females. 
In some of these older fat chickens the 
liver had a yellowish color, and these 
are the heavier specimens in Figure 17. 
For example, the last three cases (not 
included in the curve) were adults 
which were very fat and had the 
yellowish-colored livers. The female 
at 1,640 gm. had a yellow liver, also the 
females at 1,520 and 1,550 gm. The 
male at 1,600 and the female at 1,840 
gm. also have heavy livers, but these 
livers were not specifically observed to 
be yellowish in color. (They may 
have been so, with no mention of the 


per cent of the initial gross body weight 
and yet their livers formed, respec- 
tively, 2.3 and 3 per cent of the live 
weight. The range in percentage weights 
of the liverin the 131 specimens reported 
by him was from 1.4 to 4.7 per cent. 

Welcker and Brandt (28) give 1.88 
per cent as the average percentage 
weight for the liver in two male fowls, 
which is lighter than that found in the 
present series. They record a varia- 
tion from 1.68 to 4.74 per cent for the 
various other species of birds. The 
liver of the chicken is lighter than that 
of the rat as given by Jackson (8). He 
finds it forming 4.7 per cent at birth, 
increasing to nearly 8 per cent at 3 
weeks, later decreasing to about 4.5 
per cent in the adult. 
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shows the 
percentage 


PANCREAS.—Figure 18 
increase in absolute and 


weights of the pancreas plotted against 
The formulas are: 


gross body weight. 
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plotted against age, except for an initial 
flattening of the first part of the curve. 
There seems to be a good deal of varia- 
tion in the distribution of the cases, 
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Weight in grams of the pancreas, shown by the heavier line with the individual cases. 
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The 


lighter line represents the percentages of the net body weight 


Y = X22 +. (0.0007 X — 2.23 


from 40—1,500 gm. gross body weight, 


Y =0.00042 (X — 1,500) 3.82 


from 1,500-2,500 gm. gross body weight. 


especially toward the upper end of the 
curve. This may be due in part, al- 
though not entirely, to the: greater 
difficulty in removing the panereas free 
from all fat, mesenteries, etc. 

In general, by way of summary, it 
may be said that the parts of the diges- 
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of the trachea and lungs (combined), plotted on gross body 


weight 


Y represents the weight of the pan- 
creas in grams and X the gross body 
weight also in grams. 

This chart likewise resembles the 
other charts for the digestive system. 
Here also there is no marked difference 
in the curve when these weights are 


tive tract do not show any marked 
differences in their growth rates (figs. 
13 to 17). The curve for the weight of 
the liver seems to differ slightly, in- 
creasing a little more slowly and uni- 
formly throughout the entire range. 
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RESPIRATORY SYSTEM (TRACHEA AND 
LUNGS) 


The lungs and trachea were removed 
and weighed together. Their growth 
in gross and relative weight is shown in 
Figure 19. The formula is: 


Y= (0.01 X +1)!"!—0.0056.X —0.88 


from 30-1,200 gm. gross body weight. 

Y represents the weight of the liver 
in grams and X the gross body weight, 
also in grams. Up to 1,200 gm. in 
gross body weight, the cases fall fairly 
wellinline; but above this weight there 
is a great deal of variation and conse- 
quently the mathematical curve is car- 
ried only this far. The same condi- 
tion is seen when the weights are 


sex difference is also shown in the curve 
of the relative growth. The relative 
weights of the two sexes are shown by 
separate curves from 1,200—2,200 gm. 
gross body weight. There is a great 
deal of variation in the percentage 
values, and the curves shown in Figure 
19 are merely the inspection curves 
drawn through the double-weighted 
medians. The relative weights for the 
individual chickens are not shown. 
Donaldson (3) shows no sex difference 
for the lungs in the rat, and no sex 
difference is found in the human species. 
It hardly seems probable that the crow- 
ing of the cockerel would make this 
difference, but this seems to be the 
only explanation for the apparent sex 
difference. 

























































































Fic, 20.—Growth of the heart ploted on gross body weight. The heavy line shows absolute weight. The 
lightert line shows relative or percentage weights 


plotted on age. The cases are regu- 
larly arranged up to about 120 days, 
after which they are more irregular, 
especially in the males. When the 
blood was allowed to drain from the 
body as previously described a marked 
difference in the amount was noticed. 
In some specimens the blood coagu- 
lated much sooner and thus a larger 
amount remained in the chicken. 
Thompson and Carr (26) find a marked 
variation in the time of coagulation of 
the blood in the domestic fowl (Ply- 
mouth Rocks). The lungs are very 
vascular and this difference in the 
amount of blood may account for some 
of the variability of the lungs as well as 
some of the other vascular organs. 
There is apparently a sex difference 
in the respiratory tract in the chickens 
above 1,200 gm. in body weight. This 


CIRCULATORY SYSTEM (HEART) 


The weights of the heart in grams 
and the percentage weight plotted 
against the gross body weight are 
shown in Figure 20... The formulas are: 


Y=X°-?+-0.0027X —2.08 
from 50-1,400 gm. gross body weight, 
Y=0.007 (X—1,400) + 5.96 


from 1,400-2,500 gm. gross body 
weight. 

Y represents the weight of the heart 
in grams and XY the gross body weight 
in grams. 

Here also as in the case of the lungs, 
there is an apparent tendency to a sex 
difference toward the end of the curve. 
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It is not, however, so evident for the 
heart as for the lungs. This chart 
shows that the heart increases a little 
more slowly during the first and middle 
portions of the curve but continues to 
increase in the heavier chickens. 
After 1,400 gm. in gross body weight, 
the increase in the heart weight is 
marked, while in the digestive system, 
for example, there is a much slower 
rate of increase after a body weight of 
1,600 gm. is reached. This is in 
accord with the condition found in man, 
namely, that the heart increases slowly 
in weight after maturity. 

The percentage weights of the heart 
show a very brief period of increase 
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Fig. 21. 
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Absolute and relative weights of the thyroid gland plotted on gross body weight 
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erel, for as Joseph (10) has suggested, 
the activity of an animal is correlated 
with the size of the heart. 

Jackson (8) found that in the rat 
the heart forms 0.65 per cent at birth, 
with a slight postnatal increase, gradu- 
ally decreasing to about 0.4 per cent 
in the adult. 


DUCTLESS GLANDS 


THyroI GLAND.—The thyroid gland 
in the chicken is a rather small oval 
gland located on each side at the base 
of the neck, or at the bifurcation of the 
common carotid artery. It consists 
of a single lobe on each side. Figure 21 
shows the absolute and the percentage 
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All the cases 


above 2,200 gm. gross body weight or the adults, and the pullet at 1,290, and the hen at 1,920 gm. gross 
body weight, are shown in the chart though not included in the data used in determining the curve 


from 0.51 per cent at hatching to a 
maximum of 1 per cent on the fourth 
day. The curve of relative growth 
does not show this very brief period of 
initial increase but steadily decreases 
from about 0.85 per cent to 0.47 per 
cent at 1,400 gm. gross body weight. 
It then rises to a value of 0.55 per cent 
at 2,100 gm. gross body weight and 
remains nearly at this level to the end. 
In the individual percentage values 
(not shown on chart) there seems to be 
an indication of a relatively heavier 
heart in the male after about 1,200 gm. 
of gross body weight. 

There is no apparent explanation for 
the relatively heavier heart in the cock- 
erel any more than there is for the 
lungs. Possibly it may be associated 
with the increased activity of the cock- 


weights of the gland plotted against 
gross body weight. The formula is: 


Y =0.01[0.01(X + 100) }!-?? —0.000075X 
— 0.006 
from 30-2,100 gm. gross body weight. 

Y represents the weight of the thy- 
roid in grams and JX represents the 
gross body weight. 

In the smaller chicks it shows a much 
slower growth than do most of the 
organs, except the sex glands and the 
secondary sexual structures, such as 
the comb and wattles. The female at 
1,290 gm. in body weight had an unusu- 
ally heavy thyroid, of 0.417 gm. This 
weight was not averaged in the series, 
being excluded as either an abnor- 
mality or an error. All three of the 
older cockerels had much heavier thy- 
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roids. These and the thyroid glands 
from the three hens at 1,920, 2,230 
and 2,440 gm. gross body weight were 
all excluded in the averages for the 
curve, although the individual cases 
are shown on the chart. There is ap- 
parently a sex difference in the weight 
of the thyroid in the six older chickens, 
but this may be due to a difference in 
diet. The three hens were taken from 
one of the pens of the regular laying 
stock, but the cockerels were from a lot 
of male birds isolated all winter, from 
which breeding cockerels had been 
selected. The larger birds, both male 
and female, from these pens were 
selected in order to extend the upper 
end of the curve based on gross body 
weight. 

The percentage weights of the thy- 
roid plotted on gross body weight are 
exceedingly variable. The lighter line 





base of the neck or nearer the thorax. 
The lobes are usually «f a pinkish color, 
although some were much darker. 
Figure 22 gives the absolute and 
relative weights of the thymus plotted 


against agein days. The formulas are: 


Y=0.1 [(0.1X)1*] 
from 10-130 days, 
Y =0.1 [(0.1X)!-"]—0.135 (X-130) 


from 130-260 days. 

Y represents the weight of the 
thymus in grams and X represents 
the age in days. 

The weights of the thymus plotted 
on gross body weight do not give 
nearly so regular a curve as_ that 
according to age, shown in Figure 22. 
The first or growth phase in each of 
the two curves is very similar, but the 
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Fig. 22.—Absolute and relative or percentage weights of the thymus, plotted on age in days 


represents the averages of the per- 
centage weights of the thyroid but not 
the individual cases. There is no 
apparent sex difference until the upper 
end of the curve is reached. The curve 
shows an initial decrease from 0.013 
per cent to nearly 0.009 per cent at 
300 gm. gross body weight. It then 
rises to about its initial value at 1,100 
gm. body weight, remaining at about 
this level up to 1,800 gm. of gross body 
weight, when it again rises. This last 
rise is caused by the larger percentage 
values in the adults. When the rela- 
tive weights are plotted on age there 
is this same depressed portion of the 
curve falling between 40 to 60 days. 
Taymus.—The thymus of the chicken 
is located farther cephalad than the 
thyroid. It consists of a chain of 
lobes lying along each side of the neck, 
from the larynx down to the thyroid 
gland. The larger lobes, which persist 
longer when the gland begins to 
atrophy, are as a rule located at the 


position of the older pullets, toward 
the center of the chart based on body 
weight, produces an irregular and more 
abrupt second or involution phase of 
the curve. Evidently the thymus in- 
volution in the chick depends on age 
rather than on body weight, as was 
found by Hatai (6) for the rat. 

The thymus of the chicken follows 
the usual course of development for 
the gland as found in other animals. 
It increases slightly more rapidly than 
the body up to 130 days, and then it 
decreases to nearly the same absolute 
weight as that of a chick about 40 
days old. The relative weights in the 
older chickens are naturally much less. 
At first the thymus forms a little less 
than 0.3 per cent of the net body 
weight. This percentage rises until 
at 110 days it forms about 0.46 per 
cent; then there is a decrease until it 
reaches about 0.05 per cent for the 
older chickens of this series, and slightly 
less for the adult chickens. 
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The gross appearance of the in- 
volution changes indicate that the 
isual two methods of obliteration are 
found in the chicken, namely, a fatty 
ra fibrous involution. The lobes 
become smaller and later a decrease in 
the number of lobes is apparent. 
rhroughout the entire period more or 
fat was found surrounding the 
thymus and the lobes were enclosed 
by the fascia. 

Jackson (8) found the following rela- 
tive weights for the thymus in the 
male white rat: at birth it forms 0.15 
per cent, which makes it slightly 
lighter than that of the chick; then it 
increases to a maximum of 0.38 per 
cent at 20 days, and again decreases 
to 0.02 per cent at year. Since 
the rat matures more rapidly than the 


less 


one 


450, rr _ a 
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Accessory spleens were noted in 4 
specimens (2 males, 2 females), ranging 
in age from 54 days to 237 days, or 
from 426.6-2,023.5 gm. in gross body 
weight. They were found in the neck, 
at the anterior end of the crop, close 
to the hilum of the spleen, and in the 
237-day female, near the pancreas on 


the opposite side from the normal 
spleen. 
SUPRARENAL GLANDS.—Figure 24 


shows the absolute and relative growth 
of the suprarenal glands plotted against 
gross body weight. The formula is: 
Y=X°?-92 + (,.000077X — 1.046 

from 100-2,600 gm. gross body weight. 

Y represents the weight of the supra- 
renal gland in grams and X, the gross 
body weight in grams. 
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Fic. 23.—Absolute and relative or percentage weights of the spleen, plotted on gross body weight 


chicken, this earlier maximum in the 
growth of the thymus is to be expected. 

SPLEEN.—Figure 23, which gives the 
absolute and relative weights of the 
spleen plotted against gross body 
weight, shows that the spleen is ex- 
tremely variable in the chicken, as 
it has been found to be in other ani- 
mals. The formulas are: 


Y=X°?-2+-0.00132X —1.74 
from 100—1,200 gm. gross body weight, 
Y=0.00039 (X — 1200) + 2.18 


from 1,200—2,600 gm. gross body weight. 
Y represents the weight of the spleen 
in grams and X, the gross body weight 
in grams. 
The relative weights show an initial 
increase followed by a slow decrease 
after 1,100 gm. in gross body weight. 


Some of the irregularity in the upper 
part of this curve may be due to the 
difficulty in removing these glands. 
In the female the left suprarenal is 
lodged at the base of the ovarian liga- 
ment, and when the ovary is fully de- 
veloped the ligament is so strong and 
tough that the removal of the left 
suprarenal gland without injuring it is 
difficult. 

There is possibly a very slight in- 
crease in the percentage weights of 
the suprarenal after hatching, with a 
maximum value for one specimen of 
0.0359 per cent on the fourth day. 
Then there is a decrease until the 
average for the adult is about 0.01 per 
cent. These values are slightly greater 
for the maximum and a little less for 
the adult than given by Jackson (8) 
for the male rat. 
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The suprarenals are considerably 
larger in the female rat. Unlike the 
rat, the chicken shows no apparent 
sex difference. 

Hyvopnysis.—The hypophysis of the 
chicken seems to be quite variable in 
weight, as shown in Figure 25. . The 
formulas are: 


Y =0.001(X°-*4— 0.001 X — 1.49) 
from 100-1,600 gm. gross body weight, 
Y = 0.0000063 (X — 1600) + 0.00919 
from 1,600—-2,600 gm. gross body 

weight. 
Y represents the weight of the hy- 


pophysis in grams and X, the gross 
body weight in grams. 


no appreciable sex difference when the 
weights are plotted against body 
weight. If there is any difference at 
all it is rather in favor of a heavier 
male hypophysis. 


UROGENITAL SYSTEM 
Kipntys.—The growth of the kid- 
neys plotted against gross body weight 
(fig. 26) shows a marked initial rise 
followed by a gradual decrease in rate 
of growth. The formula is: 
Y = (0.1X)°-®—0,0041X —2.17 
from 100-2,600 gm. gross body weight. 
Y represents the weight of the kid- 
neys in.grams and X represents the 
gross body weight in grams. 
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Fic. 24.—Relative and absolute weights of the suprarenal glands, plotted against gross body weight. 
There is no apparent sex difference 


A similar irregularity in the arrange- 
ment of the cases is observed when age 
rather than gross body weight is used 
for the abscissae. The percentage 
weights are also variable at first (pos- 
sibly because of difficulty in removal). 
After this first irregular period with 
an average of about 0.078 per cent of 
the net body weight, there is a rather 
precipitous fall in the percentage 
weights to about 0.0015 per cent fol- 
lowed by a slow decrease to about 
0.0006 per cent, which is also the 
average percentage weight for the three 
older cockerels. The hypophyses of 
the three hens average about 0.0005 
per cent. 

In the rat there is a marked sex 
difference in the weight of the hypo- 
physis, the female being the heavier 
according to Hatai (5) and Donald- 
son (3). The data on the chick show 


No. significant sex difference nor 
peculiarities in the weight of the kid- 
neys appear in the older cockerels and 
pullets. 

The percentage weights show a 
marked initial rise followed by the 
usual decrease, and a terminal irreg- 
ular portion. At hatching the kid- 
neys form 0.6 per cent of the body 
weight, but they rise rapidly until at 
5 days they form 2 per cent, which is 
the highest case of the entire series. 
The average for the older birds would 
be about 0.7 per cent, with the adult 
cases a little less. The older pullets 
seem to have slightly heavier kidneys, 
relative to body weight, than do the 
cockerels of the same age. 

Welcker and Brandt (28) give 0.59 
per cent for the kidneys in two adult 
male chickens, which is about the same 
as the average percentage values for 
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the three older cockerels of the present 
investigation. Jackson (8) gives the 
following percentage weights for the 
kidneys of the male rat: At birth, 0.96 
per cent; at seven days, 1.29 per cent; 
and a maximum of 1.44 per cent at 
twenty days; it then decreases to 0.95 
per cent at one year. 

Ovary AND oOvipuct.—Figure 27 
shows the increase in weight of the 
ovary (large dot) and oviduct (circle) 
plotted against age. The distribution 
of cases is very irregular but less so 
than when plotted against body weight. 
No attempt has been made to draw a 
curve or derive a formula for these 
organs, since both are very irregular in 
their growth and the number of cases 
is not sufficient to justify acurve. The 


tinues to be the heavier, with two 
individual exceptions: The pullet at 
286 days and one of the 2-year-old 
hens. 

The pullet at 188 days had a fully 
developed egg in the lower end of the 
oviduct and the following day an egg 
was laid by one of the other pullets 
of this group (Group 1). Between 
the pullet at 181 days and that at 188 
days, in an interval of seven days, the 
oviduct shows an increase from 8.66 
gm. to 82.75 gm., or about 8.6 times; 
while the ovary has increased from 
2.108 gm. to 38.94 gm. or 17.5 times. 
In addition, the ovary and oviduct 
have produced the egg which was 
found in the oviduct of the pullet at 
LSS days. 
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Fia. 25.—-Absolute and relative weights of the hypophysis, plotted on gross body weight 


} 


weights are for the empty oviduct. 
One egg (never more) was sometimes 
found in the oviduct, but it was re- 
moved before weighing the egg tube. 
Four phases of ovarian growth are 
recognized: (1) an initial period of 
very slow growth, followed by (2) a 
slight increase in growth rate; then (3 
‘period of very slow growth followed 
by (4) a second period of more rapid 
growth. There is a brief prepuberal 
period of rapid growth which lasts but 
about 30 days, or from about 160 to 
190 days of age. 1 
+ The oviduct was not weighed in the 
smaller chicks, but from about 80 
days up to 160 days of age it was 
always a little lighter than the ovary. 
In the pullet at 162 days the positions 
on the chart were reversed, the oviduct 
becoming heavier. The oviduct con- 


TaBLE II.—Growth in diameter of the 
largest ovum in the ovaries of the 
pullets of Series I 


Dia- 
meter 
Chick number Age of 
largest 
ovum 
Days Mm 
I-31 we 162 4.5 
[-33 J 167 3.0 
I-35 a 174 7.0 
[-37 ae 181 9.0 
[-39 4 188 (2) 


2 Mature egg in terminal part of oviduct. 


The relative weights of ovary and 
oviduct undergo a_ correspondingly 
large increase. The oviduct increases 
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from 0.69 per cent to 5.62 per cent, 
or 7.1 times; and the ovary increases 
from 0.17 per cent to 2.65 per cent, 
No eg@gs were found in 


or 14.5 times. 
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Fic. 26.—Absolute and relative weights of t! 


the oviducts of the —e ts at 230 and 
243 days. The pullet at 243 days is 
from Group 3, the other pullets above 
188 days are all from Group 1. 
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usually is, but flabby. A similar con- 
dition was seen in two of the hens. 

It is interesting to note that the 
ovary and oviduct are closely corre- 








an 





kidneys, plotted on gross body weight 


lated in weight, both increasing or 
decreasing proportionally. 

The greater weight of the ovary in 
the pullet at 286 days and in one of 
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weights of the ovaries. The circles represent oviducts 
the hens were too heavy to represent on the chs 
50.7 gm. for the oviduct. No curves were made, 


In the pullet at 230 days there was 
an interesting example of what ap- 
peared to be an ovum which was 
being resorbed. The yolk mass had 
apparently been partly resorbed until 
the membrane was not tense, as it 


Both the ovary and the oviduet of one of 
wt. The weights were: 68.5 gm. for the ovary and 
since the cases are too irregularly arranged 


the hens may be due to the presence of 
a fully mature ovum, just ready to 
emerge from the ovary. 

The increase in the diameters of the 
ovarian ova was also recorded, and it 
apparently is a more gradual change 
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than is indicated in the change in 
weight as shown in Figure 27, for the 
diameter of the largest ovum increases 
slowly while at the same time there is 
almost no increase in the weight of the 


ovary. The first noticeable increase 
in size of the ova was on the free or 
ventral surface of the ovary. No 
measurements were made to verify 
this observation, for only the largest 
ovum was measured for each ovary. 


(See Table IT.) 

In every female but one (the three- 
day chick) only the left ovary was 
found, and no trace of the right ovary 
was seen. As stated above, the supra- 
renal on the left side is more and more 
enveloped by the ovarian ligament as 
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found in the growth of the mammalian 
testes. There is (1) a period of slow 
growth up to 400 gm. in body weight 
(or about 50 days); then (2) an in- 
crease in growth from 400 to 700 or 
800 gm. in body weight (50-80 days); 
and then (3) a period of rapid or 
puberal growth from 1,800 to 1,950 
gm. in body weight (210-260 days); 
and (4) a terminal plateau or period 
following sexual maturity. (This last 
period does not show well in the accom- 
panying chart.) 

Autopsy of 
apparent 


the males showed an 
difference in the size of the 


two testes, consequently the right and 
left 
three 


testes of each male bird (with 
exceptions) were weighed separ- 
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Fic. 28.—Weights of the Testes (in grams), 


cases in which the weight af the Testes exceeds 20 
the proper weights indicated. No curves were 


the ovary increases in size, but on the 
right side the suprarenal is covered by 
only a thin capsule of connective tissue. 
In the three-day chick there was a 
small mass of tissue (not weighed) 
ventral to the right suprarenal which 
looked as though it might be a degen- 
erating ovary. Unfortunately, it was 
not preserved for histological study. 
Testres.—The growth in weight of the 
testes (without epididymis) plotted 
against gross body weight is shown in 
Figure 28. Here also no attempt has 
been made to derive a formula or 
draw a curve, for the cases are too few 
in number and too irregularly distrib- 
uted. There are, however, definite 
indications of the four-phase curve 
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shown as solid dots, plotted on gross body weight. 
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600 1800 2000 
The five 
gm. areshown at the upper margin of the chart, and 
made, since the cases are too irregularly arranged 


ately and the sum of the two testes 
plotted in Figure 28. Up to 179 days 
the left testis is usually heavier. In 
29 specimens under 179 days old the 


left testis was heavier, and in 4 the 
right was heavier. Beginning with 
the one hundred and _ seventy-ninth 


day the right testis was heavier in 9 
birds and heavier on the left in 4 speci- 
mens. Up to 179 days the sum of the 
weights of the right testes of all speci- 
mens was 84.7 per cent of the sum of 
the weights of the left testes. From 
the one hundred and seventy-ninth 
day the sum of the weights of the left 
testes in all specimens was 91.3 per 
cent of the sum of the weights of the 
right testes. The seven males in the in- 
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anition series (15 culls or malnourished 
chickens from the same source and 
autopsied in similar manner) show the 
same condition. They are all under 179 
days of age and the sum of the weights 
of the right testes is 83.9 per cent of the 
sum of the weights of the left testes. 
There is a great deal of variation in 
the weight of the two testes from the 
same specimen, for in one male (inani- 
tion series) they are identical in weight, 
while in the 179-day-old male the right 
testis weighed 1.685 gm. and the left 
weighed 0.894 gm., or 53 per cent of 
the weight of the right testis. Fur- 
ther evidence is needed to show whether 
there is any fundamental relation 
between the development of the left 
ovary and this apparently larger left 
testis up to the time of maturity, and 
then the more rapid growth of the 
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The rate of growth is very rapid at 
first and gradually decreases as the 
body weight increases. There is no 
significant sex difference, although 
there is, as in other organs, an ap- 
parent difference when the brain 
weight is plotted against age (due to 
the sex difference in gross body weight 
in the later periods). 

The percentage weights of the brain 
show no initial rise but a decrease 
from about 2.7 per cent at time of 
hatching. The decrease is rapid at 
first, or until it reaches about 0.6Jper 
cent; then there is a very slow decrease 
until it reaches about 0.15 per cent, 
Which continues as the percentage 
weight for the brain of the adult 
chicken. Welcker and Brandt (28)'find 
that the brain forms 0.24 per cent of 
the body weight in the two, male 
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brain in grams, and the lig hter line shows percentage 


of the net body weight, plotted on gross hody weight 


right testis. Riddle (2/) finds the 
right testis larger in both young and 
adult pigeons of pure species. In 
hybrids he more frequently finds the 
left testis larger. 


NERVOUS SYSTEM AND SENSE ORGANS 


Brain.—The same precocious 
growth which characterizes the de- 
velopment of the brain, spinal cord, 
and eyeballs in mammals is found in 
the chick. Figure 29 shows the ab- 
solute and relative growth of the brain 
plotted against gross body weight. 
The formula is: 


7 = X02 — () NOO2ZSX — 1.36 


from 40-2,600 gm. gross body weight. 

Y represents the weight in grams of 
the brain and X the gross body 
weight in grams. 


chickens. This is but slightly heavier 
than the relative brain weight for the 
older males of the present series. 

Jackson (8) states that in the rat the 
maximum relative weight of the brain 
is attained at seven days, after which 
it decreases. The curve of brain 
weights in the rat, plotted against body 
weight, as shown by Donaldson (3), is 
very similar to that of the chick as 
shown in Figure 29. 

SPINAL corb.-—Figure 30 shows the 
absolute and relative growth of the 
cord, plotted against gross body weight. 
The formula is: 

7 = X04 4. (),00074.X — 1.62 
from 90-2,300 gm. gross body weight. 

Y represents the weight in grams of 
the spinal cord and X is the gross body 
weight in grams. This curve does no 
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show the rapid growth during the 
smaller body weights to so marked a 
degree as does the curve of brain 
growth. There is in this case an 
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Fic. 30 


apparent sex difference (of doubtful sig- 
nificance) at the upper end of the curve. 

The relative weights of the spinal 
cord show no initial increase (as found 
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Welcker and Brandt (28) give 0.13 


per cent for the relative weight of the 
spinal cord in two adult male chickens. 
Both 


the brain and the cord are 
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Absolute and relative or percentage weights of the spinal cord, plotted on gross body weight 


relatively heavier in the rat than in 
the chicken. 

KYEBALLS.—Figure 31 shows that 
the growth in absolute and in relative 
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Fic. 31. 


in the rat). At time of hatching the 
cord forms 0.5 per cent of the body 
weight. This decreases rapidly at first, 
then more slowly until it reaches about 
0.12 per cent. 








Absolute and relative weights of the two eyeballs, plotted on gross body weight. 


weight of the eyeballs is essentially 
similar to that of the brain and spinal 
cord. The individual cases, however, 
indicate a greater variability than is 
found in weights of brain and spinal 





394 Journal of Agricultural Research 


Vol. XXIX, No. & 





cord. There is the same indication of 
a sex difference (of doubtful signifi- 
cance). The formula from which this 
curve was drawn is: 


Y = X°.25!— 1.91 


from 100-2,600 gm. gross body weight. 

Y represents the weight in grams of 
the two eyeballs and X represents the 
gross body weight in grams. 

Welcker and Brandt (28) found a 
relative weight of 0.30 per cent for 
the eyeballs in the chicken, which is a 
little higher than found in the present 
series. The three older Minnesota 
cockerels averaged 0.22 per cent, and 
the hens 0.21 per cent. The maximum 
relative weight of the eyeballs in the 
chick comes at the time of hatching, 
with a rather strikingly larger per- 
centage weight for the males during 
the first few days. 


DISCUSSION 


The growth of the body as a whole 

in the chicken seems to be somewhat 
different from that described in man 
by Secammon (22) and Morris. The 
general character of the curve of growth 
in the writer’s series is similar to that 
found in earlier investigations on the 
chicken. This curveshows three phases: 
(1) a period of slow growth, which in- 
cludes a brief period of postnatal de- 
crease; then (2) a period of rapid growth, 
followed by (3) another period of slow 
growth. This general type of curve 
holds in the chicken not only for the 
growth of the entire body but also for 
the muscles, ligamentous — skeleton, 
digestive tract, lungs, heart, kidneys, 
suprarenals and integument, when their 
weights are plotted against age. In 
man, the growth curve of the body as 
a whole and of all of the above parts, 
excepting the suprarenals, is a four- 
phase curve. The suprarenal in man 
shows, according to Seammon- 
a great decrease in weight in the neonatal period, 
an interval from the neonatal period which extends 
through the greater part of childhood when there 
is little growth, and a period of rather rapid growth 
in the prepuberal period and in adolescence. 

There is in the chick but slight in- 
dication of a slowing of growth, 
corresponding to the decreased rate of 
human growth in middle childhood. 
It is very doubtful whether anything 
corresponding to the characteristic 
human prepuberal acceleration of 
growth occurrs in the chick body as 
a whole. 

When the weights of the organs and 
systems are plotted against gross body 
weight instead of age, the first period 
of slow growth is usually not observed, 


as shown in the various charts. The 
exceptions to this are the curve for the 
thyroid, which is distinctly concave 
upward throughout its entire length; 
also those for the muscles and integu- 
ment, which are nearly straight, and 
those for heart and lungs. 

Another type of curve described by 
Scammon (22) for the growth in the 
weights of the human brain, spinal 
cord and eyeballs is similar to the 
curves for the same organs in the chick 
when the weights are plotted on either 
age or gross body weight. All of these 
curves rise rapidly at first and then 
more slowly flatten out. 

The type for the human thymus 
with an initial rise up to the age of 
puberty followed by a decrease in 
weight is, according to Hammar, 
characteristic for mammals in general. 
The present study shows that it holds 
likewise for the chick. It is also the 
type of curve found for the growth of 
the feathers, a fact apparently hitherto 
overlooked. As above explained, how- 
ever, the decrease in the weight of the 
feathers is due to a process quite 
different from the involution of the 
thymus. 

The growth of the testes of the chicken 
shows (1) an initial period of but little 
change; (2) a slightly increased rate of 
growth followed by (3) a second period 
of slow growth and of marked irregu- 
larity, then a period of very rapid 
prepuberal growth and finally (4) a 
period of slow growth. The cases are 
too few to make a smooth curve but 
they indicate the above four phases. 
This is similar to the curve of growth 
for the human genital organs, excepting 
ovary and uterus. 

The ovary and oviduct of the chicken 
seem to grow slowly until the very 
rapid prepuberal growth, after which 
there is a period of but little growth. 
The oviduct is lighter than the ovary 
up to the prepuberal rise. The num- 
ber of cases is insufficient to warrant 
final conclusions concerning the growth 
of the ovary and oviduct, and a com- 
parison of their growth with that in 
other forms is therefore omitted. 

The curves of the growth of the body 
as a whole show a sex difference 
apparent very soon after the begin- 
ning of the second or rapid puberal 
growth phase of the curve. This 
means that at any age after 8 weeks 
the male chickens average heavier 
than the females of equal age. 

The linear measurements of the body 
also show a marked slowing of growth 
in the female earlier than in the male. 
This means that the female skeleton 
ceases to increase in length earlier 
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than does the maleskeleton. A similar 
difference in extent of growth is true 
for other organs, but this does not 
necessarily mean that these organs are 
proportionally heavier in the male of 
the same body weight. Plotting these 
organs against gross body weight 
usually shows clearly that they are 
relatively of about the same weight in 
male and female. As has been men- 
tioned, there still persists a definite 
sex difference in the weights of the 
head, skeleton, and feathers and a less 
marked sex difference in the heart and 
lungs. The digestive system and all 
of its parts (except the liver), and the 
nervous system and eyeballs show a 
slight sex difference in the upper parts 
of the growth curves for these organs. 
By the time this sex difference be- 
comes apparent, the chickens are 
sexually mature and the females are 
all fatter than the males. The extra 
fat thus increases the total body weight 
perhaps enough to account for the 
apparent lowering of the weights of 
the organs in the females, when plotted 
against body weight. The liver does 
not follow the same course as the other 
parts of the digestive tract, for it also 
apparently becomes loaded with the 
surplus food material and the fat 
females therefore also have heaviet 
livers. This is readily seen by refer- 
ence to Figure 17. 

If, however, the surplus fat in the 
females makes the digestive system 
and the nervous system appear rela- 
tively lighter in the females, it should 


affect all of the organs similarly. But 
the suprarenals, thymus, spleen, skin, 


and kidneys do not show this effect. 
It is true that most of these curves are 


more irregular, but at least some 
indication of the sex difference in 
weight might be expected, unless 


some other factor is concerned in this 
group of organs. 

The poultrymen say that chickens 
two years old should be heavier than 
at one year of age. Although the 
writer’s cases are very few, it may be 
interesting to see what changes are 
apparent in the structure of the older 
chickens. An actual increase appears 
in the weights of the kidneys of two of 
the three hens. The heart shows an 
increase in absolute and in percentage 
weight. The thyroid becomes  ex- 
tremely variable, heavier for one and 
much lighter in two of the females. 
The amount of fat was not determined 
accurately, but from inspection it 


is apparent that a very large part of 
the change occurring in the second year 
is due to the increase in the amount of 
fat. 


There is an absolute increase in 
99185—25t 








weight of the muscles (possibly due to 
more fat within them), though they 
still maintain the same relative (per- 
centage) weight. 


SUMMARY 


The more important findings may be 
summarized as follows: 

1. The curve of postnatal growth of 
the entire body of the chicken shows 
three general phases: A period, first, of 
slow growth, including a brief post- 
natal decrease in weight; a period, sec- 
ond, of rapid (pubertal) growth, during 
which a sex difference in body weight 
begins; and a period, third, of slow 
increase in weight. 

2. The weight of the head shows a 
marked sex difference, due apparently 
to the larger development of the comb 
and wattles in the male. 

The growth in weight of the skin 
(excluding feathers) is directly propor- 
tional to that of the entire body, form- 
ing about 9 per cent of the net body 
weight. 

The feathers increase in both abso- 
lute and relative weights until just be- 
fore sexual maturity. Then follows a 
decrease in absolute and _ relative 
weights, the growth curve thus some- 
what resembling that of the thymus. 

4. The skeletal muscles increase from 
21 or 22 per cent at hatching to about 50 
per cent of the body weight in the 
adult. 

5. The skeleton at first grows a little 
less rapidly than the entire body. It 
forms 11 per cent of the body weight 
in the mature male, and 8 per cent in 
the female. The weights and linear 
measurements show that the female 
skeleton matures earlier than the male. 

The digestive tube and its regions, 
stomach (proventriculus), gizzard, and 
intestines, also the pancreas, all grow 
at about the same rate, showing a short 
initial rise in relative ‘weight, followed 
by a_ slow decrease up to maturity. 
The empty tube reaches a maximum 
of 18.5 per cent of the body on the sixth 
day, decreasing to about 5 per cent in 
the adult. 

The weight of the “tare” (contents 
of the digestive tube) is extremely vari- 
able. 

The yolk sac was found in all chick- 
ens autopsied, with one exception, up 
to and including the thirty-eighth day, 
and thereafter frequently up to the 
two hundred and thirty-seventh day. 
Meckel’s diverticulum is constantly 
present. 

7. The liver decreases from an early 
maximum of 6.2 per cent of the body 
weight to about 2.5 per cent in the 
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adult. Its weight increases noticeably 
in the older chickens, especially in the 
fat hens. 

8. The weight of the trachea and 
lungs is variable and shows an apparent 
sex difference in the older chickens, 
being heavier in the males. 

9. The heart shows a marked increase 
in both absolute and percentage weight 
during the later part of the growth 
period, or beginning at about 1,400 
grams gross body weight. 

10. The curve of absolute weight of 
the thyroid is concave superiorly 
throughout. The percentage values 
are variable with a minimum from 200 
to 400 grams gross body weight. 

1. The thymus increases in both its 
percentage and absolute weight up to 
sexual maturity and then undergoes 
involution, decreasing in relative and 
absolute weight. Its changes are more 
closely related to age than to body 
“im, 

The suprarenals anc hypophysis 
on ‘audi variable in weight but 
neither shows a sex difference. 

13. The kidneys show a marked 
initial rise from 0.6 per cent on day of 
hatching to 2 per cent of the body 
weight at five days, followed by a 
slow decrease to about 0.6 per cent in 
the older and adult chickens. 

14. The ovary, oviduct, testes, comb 
and wattles are extremely variable 
in weight. They all tend to form a 
four-phase curve of growth, with a 
marked accelération at puberty. 

15. The brain, spinal cord, and eye- 
balls increase rapidly at first, with a 
slow growth later. The relative (per- 
centage) weights of these organs show 
no initial rise, but decrease progres- 
sively from time of hatching. 
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GERANIUM STEMROT CAUSED BY PYTHIUM COM- 
PLECTENS N. SP. 


HOST RESISTANCE REACTIONS; SIGNIFICANCE OF PYTHIUM 
TYPE OF SPORANGIAL GERMINATION ! 


By Harry Braun 


Assistant Pathologist, Laboratory of Plant Pathology, Bureau of Plant Industry’ 
United States Department of Agriculture 


INTRODUCTION 


Geranium cuttings (Pelargonium) 
are often affected with a blackening 
and decay of the roots and stems, which 
may result in complete rotting of the 
young plant. During the latter part 
of 1919, Pythium de baryanum and 
three other fungi belonging to the same 
genus were isolated from blackened 
geranium stems in the agricultural 
greenhouses at Washington, D. C., and 
were found capable of reproducing this 
condition in healthy cuttings. This 
paper is an account of one of these 
isolations, which differed very markedly 
in morphological and cultural char- 
acters from P. de baryanum, previously 
reported by Peters (14)? and recently 
by Buddin and Wakefield (5) as causing 
a geranium stemrot. It was further 
frequently characterized by the stimu- 
lation of a definite resistance reaction 
on the part of the host, evidenced by 
the formation of a cork cambium 
within and across the stem at some 
point in advance of infection, barring 
further progress of the hyphe after 
infection and rotting had already pro- 
ceeded some distance from the point 
of inoculation. 


SIGNS OF THE DISEASE 


The early stage of the disease, as 
eaused by any of the Pythium spp. 
isolated, consists essentially of a pro- 
gressive blackening and necrosis ac- 
companied by wet rot of noncutinized 
and nonlignified tissues, usually com- 
mencing at the base of the cutting 
below the ground. Infected plants are 
not firmly embedded in the soil and 
offer little resistance to pulling, owing 
to their inability to form binding 
secondary roots or destruction of these 
when already present. General turgid- 


ity is not affected at first, so that 
diseased cuttings may appear normal to 
the eye until the discoloration has 
progressed above ground. 

After this stage the signs caused by 
the organism at present under con- 
sideration may be distinguished from 
those caused by the other Pythium spp. 
isolated, by the deeper dead-black dis- 
coloration, which progresses much more 
slowly up the stem and finally stops, 
usually 20 to 40 mm. above ground. 
This results in a sharp line of demarca- 
tion between the healthy, turgid green 
tissue and the shriveled black diseased 
portion below (Pl. 1, A). Under 
very warm, moist conditions, or when 
soil nematodes are abundantly present 
in the rotted tissues, infection may 
continue until it involves the entire 
plant, which wilts and rots on the 
ground. The characteristic limitation 
of infection is, however, more fre- 
quently observed in both naturally 
infected and artificially inoculated 
plants, often within six days after 
inoculation. Cuttings showing this 
type of infection may remain turgid 
above the dead portion of the stem so 
long as four weeks. No further growth 
takes place, however, and the plants 
remain dwarfed but turgid until they 
finally topple over through some ex- 
ternal mechanical cause or through the 
continual weakening of the supporting 
base. If the stoppage of infection 
occurs sufficiently near the surface of 
the ground, secondary roots may be put 
forth just above the line of demarcation. 

A more detailed examination of a 
diseased cutting in the early stage of 
infection shows a narrow gray to brown 
advancing margin, involving all stem 
tissues. Below this the discoloration is 
a deeper brown to black, and is accom- 
panied by loss of turgidity in pith and 
cortex. These tissues are crushed in 
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through the release of centrifugal pres- 
sure on the epidermal layers, and are 
rapidly hollowed out by a soft, wet rot. 
The cutinized epidermis, the underlying 
cork layers when present, and the 
lignified elements of the fibrovascular 
system are not included in this decay 
but form a hollow double cylinder, the 
outer (epidermal) firm and continuous, 
the inner (vascular) shredded and 
fibrous. Rotting of cortex and pith 
finally stops at the point of demarca- 
tion. Leaf scars included in the dis- 
eased area are hollowed out, leaving 
holes in the epidermal cylinder, through 
which a black exudate from the decay- 
ing tissues may be squeezed out. 

Microscopic examination reveals hya- 
line, nonseptate hyphe ramifying within 
and between the cells of the discolored 
tissues. Oospores with the peculiar 
antheridia characteristic of this or- 
ganism are found within the infected 
cells just before their turgidity is de- 
stroyed, and are particularly abundant 
in the crushed cells of the later stage. 
Bacteria and nematodes are often pres- 
ent in later stages in the decaying tis- 
sue, but not in the turgid advancing 
brown area in which the coenocytic 
hyphe may be observed reaching into 
the healthy cells beyond. 


ISOLATION OF THE CASUAL OR- 
GANISM 


The causal organism was first isolated 
in November, 1919, from two out of 
six blackened geranium stems collected 
in the agricultural greenhouses. The 
remainder yielded Pythium de baryanum, 
which had been isolated earlier in the 
work and appears t> be the pathogen 
most frequently associated with the 
stemrot. The fungus under discussion 
has since been repeatedly obtained and 
recognized in platings from naturally 
infected cuttings from Washington and 
from collections made at Enid, Okla. 
(1923). 

Stems from which isolations were to 
be made were first scrubbed free of 
adhering soil, then rinsed in alcohol 
and immediately flamed. They were 
then bisected longitudinally down- 
ward, beginning at the healthy portion 
above the advancing margin. A pre- 
liminary split was made with a sterile 
scalpel and the two halves were pulled 
apart with sterile hitade thus ex- 
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posing infected internal tissue un- 
touched by any outer agent. Bits of 
tissue at the infection margin were 
quickly excised with a flamed scalpel 
and planted on corn-meal agar plates. 
Isolations were also made by searing 
the surface of the cleaned stem with a 
hot knife and digging underneath with 
a flamed scalpel or needle. The first 
method was usually found more satis- 
factory, since one could see and select 
transplant material sufficiently remote 
from the badly decayed interior to 
minimize contamination by secondary 
organisms. 

solations on corn-meal agar from 
slightly discolored advancing areas 
usually yielded colonies which for this 
organism were characterized by a 
compact prostrate growth of closely 
parallel silky hyphz, later forming an 
abundance of oospores immediately 
around the transplant material. The 
fungus was obtained with difficulty 
from stems which were hollowed out 
up to the demarcation; the plates 
were often overrun with bacteria, 
nematodes, and soil fungi. In the 
absence of other fungi, the Pythium 
could be freed from bacteria by plant- 
ing part of the growth in the center 
of another corn-meal agar plate, to 
which a drop of 50 per cent lactic acid 
had been added. ‘Transfers were 
finally made to oatmeal agar tubes for 
use as stock cultures, after purity had 
been assured by the absence of bacterial 
growth in transfers on beef agar plates. 


INFECTION EXPERIMENTS 


Inoculations have been repeated at 
various intervals during the past four 
years, and have shown that the typical 
blackening and decay can be pro- 
duced in healthy geranium cuttings 
when a portion of a pure culture is 
placed in contact with any wounded 
part of the stem. Mycelium from 
oatmeal agar or corn-meal agar cul- 
tures was generally used. Inoculations 
without previous injury were not 
successful. Since natural infections 
appeared to progress from the base, 
it was concluded that the freshly cut 
base of the stem placed in the soil was 
the usual means of entry of the organism. 
Cuttings placed in sterilized soil and 
inoculated at the base showed within 
24 hours a soameiteds in of the intend and a 


EXPLANATORY LEGEND FOR PLATE 1 
A.—Geranium cuttin iting eight days after artificial inoculation. Note demarcation at node, 


shriveled b 


area below, turgid healthy tissues above 


B.—Colony on corn-meal agar plate, natural size, 48 hours at 25° C. 

C.—Carrot agar cultures one week old. Front and side views 

D.—Potato dextrose agar culture one week old. Side view 

E.—Decayed base, advanced state; hollowed out, epidermis and F. V. B. remaining 





























Geranium Stemrot 
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brown discoloration and soft rot which 
spread upward with decreasing rapidity, 
finally stopping within six to eight 
days at some point 20 to 40 mm. up 
the stem. Below this point the decay 
continued until the epidermal cylinder 
and the fibrovascular system alone 
were left. Oospores could be found in 
infected tissues within four days after 
inoculation. Reisolation of the organ- 
ism and successful inoculations with 
the reisolation completed the patho- 
genicity cycle. In checks where the 
severed surface was not inoculated a 
callus and roots soon formed, binding 
the plant into the soil, in sharp con- 
trast with the loose condition of 
inoculated plants. 





successful, except that superficial black 
streaks appeared on the radish stems 
without progressing much farther or 
causing any wilting. Infection was 
obtained on Coleus cuttings, which 
were rapidly discolored and subjected 
to a venne dry rot without any 
stoppage of infection as in the case of 
geranium cuttings. 

Measurements of the progress of 
infection in the latter were made in two 
experiments, including 9 and 10 in- 
fected plants, respectively, and are 
plotted in Figure 1. 


SUMMARY OF INOCULATION EXPERI- 
MENTS 

Dec. 3, 1919.—Twelve cuttings inoc- 

ulated at the surface of the 
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ground, six of these without 
wounding; five checks. All 
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<r the plants were covered 


with bell jars. No infec- 
tion after three weeks in 
checks and uninjured cut- 





tings, callus and roots form- 
ing normally; discoloration 
and decay followed wound 
inoculations, rotting entire 
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ground within six to eight 
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days. Reisolations made 
December 8 yielded 11 sim- 
ilar colonies of slow-grow- 
ing type with combed-silk 
effect, like original. Typ- 
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ical Oospores appeared on 
all the colonies. 

JAN. 6, 1920.—Six cut- 
tings inoculated at surface 
of ground, with slight scal- 
pelinjury; 10 inoculated at 








DAYS 1 2 3 a 5 6 


freshly cut base; six checks. 


? 8 Spreading discoloration 


Fic. 1—Graph showing progress of discoloration of inoculated visible the next day, except 


geranium cuttings, 2 experiments, averages of 9 and 10 plants, 


respectively 


In one experiment in which cuttings 
were placed in pots which had pre- 
viously contained artificially infected 
plants, two out of five developed the 
stemrot, and the typical oospores 
were found in the tissues, indicating 
the réle of infected soil as the carrier 
of inoculum. The large number of 
oospores usually formed and set free 
by decay of the host cells is doubtless 
a fruitful source of infection. Since 
their germination has not been ob- 
served, however, even after three 
months, it seems more likely that the 
primary source of infection lies in the 
mycelium and sporangia in decayed 
tissues, although the latter are not 
formed so abundantly as the oospores. 

Cross-inoculations on cucumber, 
water cress, and radish seedlings in 
pots and in sterile tube cultures were un- 


in two inoculated at surface, 
in which the inoculated 
area dried up and remained uninfected. 
By the eighth day decay had progressed 
up the stem from basal infections and 
had stopped with sharp demarcation. 
Lateral infections spread in both direc- 
tions, destroying tissues below. The 
checks were healthy and formed roots. 

Fes. 16, 1920.—Four cuttings in- 
oculated with one of the December 8 
reisolations. All blackened on fifth 
day 8 to 22 mm up to the stem; no 
further progress after ninth day; 
oospores abundant in the tissues. 
One check. This remained healthy. 

Mar. 3, 1920.—Ten cuttings in- 
oculated at base with original isolation. 
Eight infected; blackening progressed 
11 to 20 mm. by fifth day. Further 
advance very slow, stopping at eighth 
day. Two inoculated plants and four 
checks remained healthy. 
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Mar. 20, 1920.—Five fresh cuttings 
planted in pots previously containing 
soil and débris of infected plants of 
March 3; no direct inoculation made 


from cultures. Two cuttings planted 
in fresh pots as checks. Two of the 
former showed typical infection on 
sixth day; oospores present. Remain- 
der healthy. 

Sept. 15, 1921.—Ten cuttings inocu- 
lated at base. Nine infected. Prog- 
ress of discoloration shown in Figure 1. 
The three checks remained healthy. 

Ava. 17, 1922.—Ten cuttings, basal 
inoculation; soil sterilized three times. 
Sunken base within two days; for dis- 
coloration progress see Figure 1. 
Sharp demarcation eighth day; pith 
and cortex rotted. Typical colonies 
obtained in reisolations made August 22. 
Five checks. These remained healthy. 

Juty 26, 1923.—Thirty inoculated. 
Ten plants (set A) were placed on 
moist sand for two days before inocu- 
lation. The remainder (set B) were 
inoculated immediately on removal 
from stock plants. All examined a 
month later, August 26. Seven of set 
A healthy. Four of set B completely 
rotted down; remainder showed sharp 
demarcation, still alive and turgid, 
over hollow blackened stem _ below; 
epidermal cylinder intact, fibrovas- 
cular bundles forming a shredded inner 
cylinder; one plant had three adven- 
titious roots starting from above the de- 
marcation, which took place just above 
ground. Diseased areas 20 to 45 mm. 
long. Abundant typical oospores in 
tissues. The 10 checks remained sound. 

Sepr. 24, 1923.—Three Coleus cut- 
tings inoculated. The inoculated 
plants rotted completely within five 
days, without demarcation. The one 
check remained healthy. 

Oct. 18, 1923.—Seedlings of water 
cress, cucumber, and radish in dupli- 
cate 6-inch pots inoculated with and 
without scalpel injury. No infection 
in any after two weeks. 

Fes. 2, 1924.—Seedlings of cucum- 
ber and radish in glass moist cham- 
ber were inoculated, without injury. 
There was no infection on cucumbers. 
Black streaks appeared at points of 
inoculation on radish stems without 
progressing much or affecting turgidity. 

Fes. 16, 1924.—Seedlings of cucum- 
ber and radish (six each) grown under 
sterile conditions on Knopf’s agar in 
test tubes, inoculated with and with- 
out wounding. The mycelium made 
some growth on the agar, but the cu- 
cumbers remained turgid and were not 
discolored. Black streaks not present 
in the checks appeared on radish stems 
but without affecting turgidity. 
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PATHOLOGICAL HISTOLOGY 


The hyphe are largely intracellular 
and show a constriction when passing 
through cell walls. They are found 
one or two cell layers ahead of cells 
with discolored walls, indicating that 
there is no lethal action in advance or 
that penetration is more rapid than 
visible degeneration and discoloration. 
Branched coils and nests of hyphze may 
be observed within the older infection 
area. Long strands run within and be- 
tween sieve tubes and companion cells, 
with branches reaching out into cortex 
and pith. Oospores are present in 
great abundance within cells some dis- 
tance back of the advancing margin 
and may be observed in progressive 
stages of maturation in a single sec- 
tion. Xylem and the cuticularized 
epidermis are not invaded. Penetra- 
tion of the subepidermal cork layers 
from within rarely proceeds farther than 
the innermost, youngest, and least su- 
berized layer. 

Infected cells are killed immediately 
or very shortly after penetration, the 
walls soon taking up the brown dis- 
coloration. The thin-walled pith cells 
are the first to lose turgidity, resulting 
in the sunken appearance of the pith 
at the base of infected cuttings. Later 
the cortex also breaks down. The region 
of collapsed cells is often sharply de- 
limited from adjoining infected but still 
turgid tissues (Pl. 2). Both pith and 
cortex are soon hollowed out by gela- 
tinization and solution of their walls. 
The host nucleus is discolored but not 
corroded, and may be recognized for a 
long time after the cell has collapsed. 
Starch appears to be as abundant in 
diseased as in healthy tissues, except 
as noted below; mature oospores in 
collapsed celis may often be found 
among masses of uncorroded starch 
grains still embedded in their plastids. 

Stained sections through the stem 
at the line of demarcation reveal an 
interesting condition. A cork cambium 
4 to 12 cells thick extends irregularly 
but completely across, marking off 
healthy from diseased tissues (Pl. 3). 
It is usually indented upwards when 
crossing the fibrovascular bundles, 
along each side of which it may extend 
for some distance. The walls of the 
lowermost cambium layers (nearest the 
diseased tissues) are collapsed and take 
the gentian violet in the Flemming 
triple stain, indicating suberization. 
This conclusion has been confirmed by 
microchemical tests with Sudan III, 
Scarlet Red, alcoholic solution of 
chlorophyll, iodine and sulphuric acid, 
alkannin, and iodine. The walls of 
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the more turgid upper phellogen cells, 
as well as the healthy parenchyma 
above, are deeply stained with the 
Orange G, indicating their cellulose 
nature. Starch has completely dis- 
appeared for a considerable distance 
above and below the cork layer. Im- 
mediately underneath the collapsed 
stratum of suberized wallsare one to four 
layers of infected cells, whose walls 
are still rigid, slightly swollen, often 
split and pulled apart, and character- 
ized by failure to take up completely 
any of the stains in the Flemming 
triple or the iodine green-acid fuchsin 
combination after fixation with Merkel’s 
or Flemming’s Strong. They remain 
a clear amber color, as in sections 
of fresh material. Negative reac- 
tions were obtained for lignin, suberin, 
pectin, and cellulose, except that solu- 
tion took place in concentrated sul- 
phuric acid. The contents are dis- 
organized, and hyphe (often oospores) 
are present, reaching up to the sub- 
erized layer but not beyond it. 

Below this “nonstaining” laver is 
the remainder of the infected tissue, 
bordering on the hollowed part of the 
stem. The walls are swollen and stain 
deeply with the safranin of the Flem- 
ming triple, indicating pectinization. 
This was confirmed by positive reac- 
tions with Bismark Brown, Methylene 
Blue, and Ruthenium Red. Examina- 
tion of walls in the “nonstaining”’ re- 
gion bordering on the pectinized cells 
showed in many cases an extension 
of the safranin along the outer lamina. 
Thus, a single cell often showed com- 
plete reddening of the basal wall im- 
mediately adjacent to the pectinized 
tissues, the remaining walls being 
amber colored except for a short con- 
tinuation of safranin on the outer parts 
of the two walls neighboring on the 
wholly stained wall. The fact that 
safranin is taken up only on the surface 
of the “nonstaining’’ wall implies action 
of pectinase from without, and pre- 
cludes the possibility that it is due to 
incomplete washing out during the 
staining process, which would have 
left the safranin in the innermost 
lamella. That complete pectinization 
and solution up to the suberized layer 
ultimately takes place was shown by 
examination of cuttings which had been 
infected for several weeks and had 
formed the usual demarcation line. 
Here complete hollowing out had taken 
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place and the suberized layers, now 
several cells thick, bordered directly 
on the cavity (Pl. 3). 

The formation of a cork layer across 
the stem acts as an effective barrier to 
further progréss of the hyphe, which 
have not been observed above it except 
where fissures have occurred through 
the action of nematodes or mechanical 
injury. It is clearly a specific reaction 
on the part of this host to this organ- 
ism, ‘since it was not present in the case 
of the other three Pythium species stud- 
ied nor in the case of Coleus cuttings 


jnfected with this fungus. 


MORPHOLOGY AND DEVELOPMENT 
OF THE FUNGUS 


THE HuyYpHa#.—Hyaline, coenocytic 
when young, cylindrical, with no 
tapering in main or lateral branches 
(Pl. 4, E). They are very slender, 
measuring 1.70 » to 4.85 wu (75 meas- 
urements). Branching is abundant 
and irregular; lateral hyphe often ex- 
tend beyond the parent hypha and be- 
come main branches in turn. The an- 
gle of branching varies from 45° to 90°, 
followed by a sharp swing forward, 
which results in a characteristic closely 
parallel growth on solid media, like 
combed silk. Smaller subsidiary 
branches are given off profusely and 
curve irregularly. A transparent 
Liesegang-ring effect in the otherwise 
dense growth has been found to be 
caused by a comparative scarcity of 
these smaller branches in these rings, 
thus affecting the otherwise uniform 
density of the growth. When growing 
plate cultures are inverted under the 
microscope, the hyphe at the edge of 
the colony sometimes cease elongation 
at their original diameter, and put 
forth a slender prolongation from the 
tip, which broadens out farther on into 
the normal diameter and resumes the 
usual course of growth. 

Sporanaia.—The asexual fruiting 
bodies are always borne singly. They 
are usually terminal, less frequently 
intercalary (pl. 4, F), and sometimes 
sessile, owing to continued lateral 
growth of the hyphal tip from the base 
of the sporangium. Terminal and ses- 
sile sporangia are uniformly oval to 
spherical. Intercalary sporangia are 
irregularly oval to subspherical, often 
asymetrical, with flattenings at the 
places of attachment. Measurements 


A.—Section of stem at demarcation. Healthy cells at top; cork cambium center; below, single 
layer of crushed cells, suberized; split and swollen walls of infected cells below, deeply 
ed; hyphe (at z); pectinization of lower cell walls, causing cavity 


stain 
B,—Later stage, 
protective cork cambium 


, cambium layers increased; decay of diseased tissues has progressed up to the 
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of 100 sporangia from corn-meal agar 
plates average 21.85 u, with ranges 
from 16.4 » to 27.26 uw. Carrot agar 
and corn-meal agar are most favorable 
for their formation. They appear 
within four days after inoculation, on 
the upper surface of the agar, rarely 
within the agar or at the interface of 
agar and glass. 

The walls are smooth, thin, and hya- 
line. No papilla has been observed. 
The contents are hyaline and finely, 
uniformly granular, with a varying 
number of small, round, darker spots 
which are evidently nuclei, judging 
from comparison with stained sections. 
Newly formed sporangia are nonvacuo- 
late; older sporangia contain an irreg- 
ular central vacuole, which increases 
with age, and occupies one-fifth to one- 
half the diameter of the sporangium. 

The formation of the sporangia is 
readily observed in inverted blocks of 
corn-meal agar or in drops of oatmeal 
decoction, and presents the usual 
features found in Pythium—the swell- 
ing up of a hyphal tip (or segment 
when intercalary) into a globular body, 
which is then cut off by a septum, with 
occasional continued growth of the 
hypha laterally in the case of sessile 
sporangia. They are not readily de- 
tached, and often germinate in situ. 

For about 10 days after their forma- 
tion the asexual fruiting bodies germi- 
nate by the extrusion of the undifferen- 
tiated contents through a short straight 
tube into an evanescent, delicately 
walled vesicle, where the zoospores 
are differentiated and whence they 
escape into the surrounding water. 
As older sporangia are placed in condi- 
tions favoring germination, the per- 
centage germinating in this manner 
decreases, and a greater number pro- 
trude a tube, which continues to grow, 
branches, and forms a mycelium. 
Both of these methods of germination 
have been watched repeatedly and are 
described below in detail (Pls. 4 and 5). 

A surface scraping near the point of 
inoculation of a 6-day-old corn-meal 
agar plate culture usually yields an 
abundance of sporangia, which may be 
placed for observation in a hanging 
drop of distilled water, previously 
aerated by a vigorous shaking of the 
bottle. Within 15 minutes a broad, 
thin-walled tube is seen protruding 
from most of the sporangia in the drop. 


EXPLANATORY LEGEND FOR PLATE 3 


Stained. Oospore contracted, antheridium lobed 
Antheridium appressed; oosphere immediately subjacent 


A.—Oospore and mycelium, in turgid cells. 
B.—Oospores in crushed cells. Stained. 


The tube may issue from any part of 
the surface. Its contents are at first clear 
and highly refractive; later on granules 
from the sporangium gradually wander 
in. During the next 10 to 15 minutes 
the tube continues a slow growth, 
which ceases when a length of a third 
to half the diameter of the sporangium 
has been reached. In the meantime 
the sporangial contents have been in 
slow motion, the vacuole and small 
dark spots changing their position 
gradually and irregularly. The tip of 
the tube suddenly blows out into an 
expanding bubblelike vesicle, whose 
wall is barely distinguishable from the 
surrounding medium; the sporangial 
contents ooze into it as it expands. 
The protoplasm within the sporangium 
breaks away from the wall opposite the 
tube, leaving lengthening fine strands 
attached to it. The vacuole, when 
present, does not appear to enlarge 
but is included in the general mass 
squeezing through the tube, and may 
break if too large. 

After the greater part of the con- 
tents has entered the bladder, the 
passage of the remainder gives the im- 
pression of a pulling through by the 
force of surface tension tending to 
round up the entire protoplasmic mass 
into the vesicle. Infrequently, part of 
the contents breaks off and remains 
within the sporangial wall. Here it 
differentiates into a very few zoospores 
which fail to escape (Pl. 4, H) and 
finally degenerate. 

The sporangial wall collapses slightly 
in places and becomes irregularly angu- 
lar. The contents are now clear ex- 
cept for a few irregular strands which 
connected the wall and the viscous de- 
parting protoplasm. The latter does 
not completely fill the vesicle and is at 
first irregular in outline. It gradually 
assumes a smooth rounded form through 
the continued action of surface tension, 
and presents the same general appear- 
ance as when within the sporangium, 
except that considerably more space is 
occupied owing to imbibition of water 
in the absence of rigid confining walls. 
After a short period of quiescence, clear 
furrows and wedges appear on the pe- 
riphery, from which vague lines of de- 
marcation grow in toward the center of 
the mass. A rocking movement begins 
and increases in vigor as the lines be- 
come clearer and delimit definite re- 


C.—Section of pith. Note turgid infected cells, demarcation, crushed cells, and cavity 
D.—Oospores in crushed and turgid (at z) pith cells 
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gions of protoplasm. Cilia may be 
seen lashing about at the margin, which 
is now wellindented. The general mass 
increases in volume with the appear- 
ance of single vacuoles within the zoo- 
spores, which are now well marked off 
and begin to separate at their tips. 
They move slightly apart and over 
each other for a short period, then 
break apart singly or in entangled 
pairs and swim away through the dis- 
rupted membrane. In one case the 
first few zoospores to escape left through 
the same part of the vesicle; but as a 
rule there is no localized point of exit, 
the vesicle wall apparently splitting at 
several places through the impacts of 
the moving zoospores. In some cases 
the entire mass of entangled zoospores 
may break out of the membrane and 
move off some distance before separa- 
tion takes place 

No trace of the vesicle can be seen 
after the escape of the zoospores. The 
open tube, which has acquired enough 
wall material to insure rigidity, re- 
mains on the old sporangial wall. It 
is now rarely more than one-third the 
diameter of the spore, and the addi- 
tional length observed in the early 
stage of germination evidently had 
gone to make up the vesicle. 

The process of zoospores formation, 
from the protrusion of the tube to the 
escape of the zoospores, takes about 
15 minutes. It is more or less syn- 
chronous in most of the sporangia in 
a drop, which may be seen swarm- 
ing with zoospores half an hour after 


sowing. 
Zoosrores.—From 10 to 26 are 
formed from each sporangium. Thev 


are broadly lenticular, 5.9 » to 8.5 u 
wide by 10.6 » to 11.5 u long, contain 
a single small round vacuole sur- 
rounded by finely granular proto- 
plasm, and bear two cilia at the 
hilum (PI. 5, A). After swimming 
around for half an hour to an hour, 
they come to rest, and the ciliary 
motion gradually ceases as the zoospore 
rounds up. A very slender germ tube 
is put forth, which broadens back to 
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the base as it grows in length and 
branches out into a mycelium. 

Asexual fruiting bodies from older 
cultures show an increased tendency 
to direct germination, particularly in 
the case of those with large vacuoles. 
The tubes do not differ at first from 
those extruded in the indirect process, 
except that more than one may be 
formed from a single spore. The tips 
continue to grow, branch, and form a 
mycelium. 

OosporEs.—These are formed in 
great abundance within the cells of dis- 
eased tissues, on oatmeal agar, and 
geranium agar. They are_ globose, 
smooth walled, lie free within the 
oogonial wall, and average 16.18 w in 
diameter (300 measurements), ranging 
from 11.32 uw to 20.85 uw. The con- 
tents are hyaline, with fine granules 
and oil drops surrounding a large 
rounded excentric vacuole half the 
diameter of the oospore. The walls 
are hyaline when young, later becom- 
ing yellow to brown. The formation 
of discolored oxidation products on 
substrata is evidently a factor in wall 
coloration, since oospores from oat- 
meal and corn-meal agar, which are 
not discolored, remain light yellow, 
whereas oospores from host tissue and 
geranium agar, both of which are 
browned, are dark walled. 

The oogonial wall is smooth or 
slightly collapsed, and often bears 
traces of the oogonial stalk. 

The most characteristic feature of 
the mature sexual fruiting body is the 
antheridium. It is one-celled, per- 
sistent, and varies in shape from a 


trumpet form flaring out at the 
region of attachment, to a broad 
irregularly lobed mass clasping or 


wrapped around a large part of the 
oogonium and fused with it. The ex- 
istence of a lateral pressure is indi- 
cated by the collapse of that part of 
the empty oogonial wall immediately 
underneath. The cylindrical or cla- 
vate type so characteristic of most 
Pythium spp. has not been observed in 
host tissue. 


EXPLANATORY LEGEND FOR PLATE 4 


A.—Oospore formation, early stages (a to h). 
(at az) 


Note clasping antheridium; stalked oogonium 


B.—Three stages in maturation of same oospore (a to c) 
C.—Oospores in contracted oosphere stage (a) and exospore stage (b) 


D.—Mature oospores 


E.—Hyphe, showing cylindrical nature and rounded tips 


F.—Sporangia-terminal, and intercalary (at z 


) 
G.—Sporangial germination: (a), Tube protruded; (b), contents partly in vesicle; (c), contents 


extruded, undifferentiated 


H.—Three zoospores entrapped in sporangial wall, after most of the undifferentiated contents 


had emerged 
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Observations on development and 


fertilization have been made repeatedly 
on living material growing in hanging 
drops of oatmeal decoction, in which 
the young fruiting bodies appear with- 
in two days (Pls. 4 and 5). The an- 
theridium is in contact with the 
oogonium at a very early stage, before 

either has been cut off by a septum. 

At this time it is larger than the 
oogonium and partly wrapped around 


90 
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it, 


and presents the characteristic 
flaring shape. It arises from a neigh- 
boring hypha, from an adjacent branch 
of the same hypha, or immediately be- 
neath the oogonium. The latter is 
formed by the swelling of a hyphal tip, 
finally outgrows the antheridium, and 
both are cut off by septa (Pl. 5, B). 
Mature oogonia average 18.56 uw in 
diameter (300 measurements) 


and 
range from 13.2 uw to 23.31 4 
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Fic. 2.—Frequency curves of oospore and oogonium measurements, 300 of each 


EXPLA 


B.—Three stages in early growth of sexual bodies 


ANATORY LEGEND FOR PLATE 5 
A .—(a toh), stages in formation and germination of zoospores 


C.—Fertilization: (a), Beginning of oosphere contraction; (b), passage of antheridial contents 
into subjacent oosphere through hole in fused walls; (c), oosphere rounding up; (d. e, f) 
exospore wall formation by clear band extending around oosphere periphery. The 
clear band in (e) and (f) is drawn at twice actual width, to render it visible at scale 
of reproduction 


D.—Oospores, showing attachment on slender stalk and relation to antheridium 
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The protoplasm in both antheridium 
and oogonium is nonvacuolate and at 
first finely granular. The oogonial con- 
tents gradually become denser and 
lumpy and undergo a slow irregular 
motion, accompanied by the appear- 
ance and disappearance of darker 
particles similar in shape and size to 
the nuclei observed in stained sections. 
The antheridial contents have also be- 
come coarser but remain much more 
hyaline. Considerable pressure is ex- 
erted by the closely appressed antheri- 
dium, evidenced by the depression of 
the oogonial wall and the consequent 
irregularity of the otherwise spherical 
oogonium, 

Contraction of the oosphere is initi- 
ated by the appearance of irregular 
clear wedges at the periphery, first 
visible near the region of attachment 
to the antheridium and _ progressing 
around the periphery until the oosphere 
acquires a lumpy, irregularly oval 
shape, separated from the wall by a 
perfectly clear space except for occa- 
sional thin protoplasmic strands. The 
antheridial contents have also under- 
gone a slow, irregular streaming and 
appear most hyaline at the base near 
the septum. 

When the oosphere has fully con- 
tracted, it is invariably found in close 
contact with some part of the wall fused 
with the antheridium. A fertilization 
tube has not been observed, although 
dozens of fruiting bodies have been 
watched at this stage; nor have stained 
sections so far indicated more than a 
fusion of antheridium, oogonium, and 
a flow of antheridial content into the 
subjacent oosphere, through a break in 
the region of fusion. In living material a 
slow emptying of the antheridium may 
be seen at this stage. In the few cases 
where fertilization took place in the 
optical plane a cylindrical mass of 
protoplasm could be seen slowly pro- 
gressing from the antheridium into the 
oosphere through a clear space in the 
fused wall (Pl. 5, C, b). An interface 
between the two masses of protoplasm 
was clearly visible, but was wavy and 
irregular, not smooth, like the fertiliza- 
tion tube of P. de baryanum, which 
was also kept under observation. 
The antheridium is left empty except 
for afew strands and a large oily globule 
at the mouth. 

After fertilization the irregularly 
contracted oosphere quickly rounds up 
into a smooth ball, slightly increased 
in volume. Oospore wall formation is 
initiated by the appearance of a short 
very narrow clear strip (Pl. 5, C, d at x) 
at some point tangentially within the 
periphery of the oosphere; this extends 
slowly around the circumference until 


Vol. XXIX, No. 8 


the contents are inclosed by a narrow 
clear band, whose outer edge is per- 
fectly smooth and circular, the inner 
edge being uneven and warty. (Pl. 5, 
C,d,e,f.) A contraction begins, similar 
to that of the original oosphere, except 
that a perfectly homogeneous refrac- 
tive material is left in the wake of con- 
traction. This proceeds until the full 
thickness of the wall is laid down, 
whereupon the irregular periphery of 
the contents smooths out into a circle. 
In the meantime the contents have 
become less lumpy and more finely 
granular; two dark round bodies may 
be seen in the center, probably the 
fusion nuclei; a vacuole appears and 
enlarges, and minute oily globules 
appear in the surrounding protoplasm. 
The antheridium shrinks and remains 
attached to the oogonial wall as the 
oospore attains maturity. Oospore 
germination has not been observed. 


CULTURAL STUDIES 


Growth of this fungus was studied 
on 16 media in four culture series, each 
of which included triplicate inocula- 
tions on all media. Cultures were 
kept in the dark at room temperature 
(18° to 25° C.) for three months. In 
the main the terminology suggested 
by Harsch and Long (11) has been fol- 
lowed. Comparisons over a four-year 
period with the other three Pythium 
spp. have shown a constancy of char- 
acters of definite diagnostic value, 
which has emphasized to the writer 
the necessity and the feasibility of a 
standardized procedure and terminol- 
ogy for the study of cultural charac- 
ters of fungi, such as is available to 
the bacteriologist. Growth on these 
media is described below: 

CorN-MEAL AGAR.—Upper half of 
slant covered with downy white aerial 
growth, becoming loose and cobwebby 
toward base of tube, flattening down 
after two weeks to form a hyaline, 
smooth, sodden mat; closely parallel 
hyphe at edge of colony, resulting in a 
striking combed-silk effect when viewed 
by transmitted light; irregular radiat- 
ing patches of varying density in older 
part of colony. Growth on _ corn- 
meal agar plates prostrate and sub- 
merged; otherwise similar to growth 
in tubes (Pl. 1, B). Differ markedly 
from other Pythiwm spp. in the combed- 
silk effect. 

CoRN-MEAL FLASKS.—Felted, com- 
pact white growth forming a dry mat 
about 2 or 3 mm. thick. Differs only 
in forming the more compact growth. 

OATMEAL AGAR.—White aerial 
growth well defined after five days, 
loose and cottony, but more compact 
in central part of colony; after 14 days 
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becoming appressed and felted on 
upper half of slant, with more open 
texture toward base; drying down in 
three months to a uniformly compact 
white mat. No marked difference. 

Carrot aGaAr.—Growth prostrate, 
forming a thick gray sodden mat, wet- 
shining, irregularly wrinkled; aerial 
after three weeks, resulting in a uni- 
form woolly white mass; later drying 
down to a prostrate deeply wrinkled 
dry mat bearing small floccose areas on 
upper part of slant, with loose cottony 
masses at base (Pl. 1, C.) Radiating 
irregular patches visible by transmitted 
light in central part of colony. Differs 
from other three species in absence of 
early aerial growth and in characteristic 
wrinkling. 

STRING BEAN AGAR.—Prostrate dry 
mat deeply wrinkled in center; aerial 
growth after three weeks, forming a 
closely appressed felted mass, white at 
upper part of slant, becoming sepia 
brown toward center of slant, with loose 
cobwebby hyphe at base; flattening 
down in three months to a thin dry mat, 
with marked wrinkling in center and 
the characteristic patchy appearance 
by transmitted light. 

Potato AGAR.—Differs from other 
three species in absence of early aerial 
growth and in wrinkling. Prostrate, 
smooth, sodden mat, bearing short 
downy hyphe after 10 days, flattening 
down after three weeks to a gray, wet 
mat, slightly wrinkled at base of slant. 

PoTATO DEXTROSE AGAR.—Prostrate 
sodden mat, bearing tufts of loose to 
felty white hyphe; deeply wrinkled in 
center after three weeks, light-grayish 
olive, with cobwebby tufts of aerial 
hyphe scattered over lower half of 
slant; compact, felted tufts on upper 
half. Differs in presence of wrinkling 
from other three species. 

SUGAR BEET AGAR.—Compact white 
aerial growth after one week, bearing 
olive-green slimy masses of oospores on 
center of slant; after two weeks, loose 
wooly-white hyphe, partly overgrow- 
ing olive-green masses, later flattening 
down to a sodden, wrinkled, gray mat 
with scattered cobwebby hyphe in 
lower part of tube. Characterized by 
presence of olive-green masses. 

CoNGO RED BEEF PEPTONE AGAR.— 
Very scanty surface growth, consisting 
of a few widely scattered prostrate 
hyphe; surface of slant becoming dry 
and glossy; abundant submerged 
growth, filling the agar cylinder with 
long closely parallel hyphs; very 
marked combed-silk effect and radi- 
ating patches by transmitted light; 
color of medium changed to deep Indian 
purple (15) within two weeks. No 
color change in others. 


BEEF INFUSION PEPTONE AGAR.— 
Thin, sodden gray mat showing char- 
acteristic combed-silk effect and radi- 
ating areas; no aerial mycelium devel- 


oped. Differs in having the combed- 
silk effect. 
GERANIUM DECOCTION AGAR.— 


Growth similar to that on beef agar, 
except that the medium is discolored a 
greenish brown several millimeters in 
advance of growth. Growth much 
slower than that of other Pythium 
species. 

STERILIZED GERANIUM STEM (with 
distilled water in tube).—Blackened in 
three days except part under water; 
scanty aerial growth on surface of stem; 
abundant diffuse growth out into the 
water. No marked difference. 

PoTaTo CYLINDERS.—Thick, sodden 
gray mat, bearing a few small tufts of 
short downy hyphe; slant covered after 
three weeks with compact downy to 
felty white mycelium, becoming loose 
and cottony at base of cylinder. No 
marked difference. 

SUGAR-BEET CYLINDERS.— Felted 
white mass within two weeks, closely 
appressed, becoming cottony toward 
base; after two months forming a uni- 
formly compact dry white mat. Differs 
in extreme compactness of growth 
from each of the others. 

STRING BEAN pops (with distilled 
water in tube).—Sodden gray mat 
covering pod, bearing scattered tufts of 
short downy hyphe, which mat down 
after three weeks or persist in spots; 
thick gelatinous mass floating on the 
water in the tube, with many hyphe 
diffusing underneath. No marked dif- 
ference. 

SoyKa rice.—Abundant white cot- 
tony growth, becoming felty and com- 
pact after three weeks; no color change 
after three months. Differsin the more 
profuse growth from the three others. 


VIABILITY 


Duplicate tube cultures on various 
media, which had been kept at room 
temperatures (18° C. in winter to 29° 
in summer) for 6 to 16 months, were 
tested for viability in two experiments. 
A sterile decoction of Quaker oats was 
poured into each tube and removed 
after absorption of fluid by the dried 
agar. Melted corn-meal agar, cooled 
down to 38°, was then poured on the 
slants; the tubes were replaced in the 
incubator and examined up to three 
weeks. Transfers from cultures which 
showed growth on the fresh agar were 
made to oatmeal agar and carrot agar 
for identification and comparison with 
similar transfers from a stock culture. 
Results are given in Table I. 








and 


Medium 
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TaBLe I.—Viability experiments 


Date in- 
oculated 


Oatmeal agar-.---- Dec. 31, 1919 | Aug. 2 
Potato agar -..-.--- m Jan. 26, 1920 | Ae 
as ...-.----| Feb. 25, 1920 | 
Oatmeal agar Sept. 8, 1921 Aug. 
Corn-meal agar ..-- saint seiee Ae 
Congo Red agar. . _..do | 
Beef agar... . ava do a ee 
Potato agar - i . ‘J _..do | do 
Potato dextrose agi “SES 3 ae... do 
Carrot agar - asd oe | do 
Bean agar. ‘ .do 5 do 
Steamed rice - “ Apr. 14, 1920 |.....do 
Sterilized ger: anium stem... Apr. 


The experiments indicate viability 
after eleven and a half months at room 
temperature on carrot agar, bean agar, 
and corn-meal agar; and after seven 
nearly 


eight months on potato 


do 
22, 1921 
..do 

do 


Date tested 


17, 1920 |.....do 


agar and oatmeal agar, 


5, 1920 | 


| 
| 
| 7 months 
| 6 months 


do 
| do. . 


| oe 


do 
do 
heals do 

| do 


_.| 16 months, 8 days 


Time elapsed 


11 months, 14 days 


Observations (dupli- 
eate tubes) 


7 months, 25 days_| Alive in one tube. 


Alive in both tubes. 
Do 
Dead in both tubes. 
Alive in one tube. 
| Dead in both tubes. 
Do. 
Do. 
Do. 
Alive in both tubes. 
Alive in one tube. 
Dead in both tubes. 


| 16 months, 5 days..| Do 


respectively. 


The fungus was not recovered after 11 
16 months on seven other media 


to 
used. 


Viability 


appears to be con- 


nected largely with the water-retaining 
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Fic. 3.—Graphs showing colony diameters at 2°- 37.5° 
48 hours 


30° 


35°35.57575° 
35° 40° 


C. for 24 and 


power of the media. 
Death occurred much 
sooner on plate cultures, 
where the large surface 
and thin layer of medium 
leads to rapid desiccation. 
On October 8, 1923, sterile 
tap water was poured over 
corn-meal agar plate cul- 
tures 3 and 6 months old 
and bone dry. Absorp- 
tion and softening soon 
took place, but no ger- 
mination of the numerous 
oospores and sporangia 
was Observed after three 
days, nor did growth oc- 
cur onreplacing the water 
with fresh cornmeal agar. 
Stock cultures in oat- 
meal agar tubes have, 
however, been kept in the 
icebox for 18 months 
without loss of viability. 


TEMPERATURE 
TIONS 


RELA- 


The Figure 3 outlines 
the growth curves aver- 
aged from two experi- 
ments with plates in ice 
thermostats and warm 
incubators, ranging from 
2° to 37.5° C. Triplicate 
plates of corn-meal agar 
were placed in each com- 
partment and measure- 
ments of the colony 
diameter were made at 
24-hour intervals. Inoe- 
ulations were made from 
a 3-day-old corn-meal 
agar plate, which was cut 
up into one-sixteenth inch 
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squares, each square then being planted 
in the center of the fresh plate. Before 
inoculation all plates were kept over- 
night in their respective compartments 
to avoid lag effects. 

No growth takes place at 11° or at 
37.5° within 48 hours or for any subse- 
quent period at the latter temperature. 
Very slow growth is evident at 5° after 
144 hours (3 mm., not shown in fig. 3). 
The optimum temperature centers 
around 30°. A marked difference in 
temperature ranges above and below 
the optimum may be observed, the 
growth rate falling away much more 
rapidly above the optimum tempera- 
ture. 


GENERAL DISCUSSION 


TAXONOMY 


The general characters of this fungus 
and the fact that the zoospores are not 
formed within the original sporangial 
wall, but within an evanescent vesicle 
containing the undifferentiated extruded 
contents of the sporangium, place this 
organism in the genus Pythium (Pring- 
sheim). Preliminary complete differen- 
tiation before entrance into the vesicle 
has not been observed, although scores 
of sporangia have been germinated and 
studied; the only other method of ger- 
mination noted was by germ tube, as 
described above for older sporangia. 

The characters of the sporangium 
and oospore place this organism in But- 
ler’s subgenus Sphierosporangium (6), 
among the species with smooth-walled 
oospores lying free in the smooth oogo- 
nium (P. de baryanum, P. ultimum, and 
P. vexans). It differs from the first, 
which was studied at the same time, in: 
(a) Smaller oospores and oogonia; (5) 
finer mycelium; (c) very marked cul- 
tural differences; (d) inability to attack 
water cress, cucumbers, and radishes; 
(e) preponderance of zoosporangia 
rather than conidia; (f) the very char- 
acteristic antheridium. It differs from 
P. ultimum in being parasitic, in pro- 
ducing zoosporangia rather than co- 
nidia (which is a distinguishing char- 
acter of P. ultimum), and in the shape 
of the antheridium. 

In this last character it comes near- 
est to De Bary’s Pythium vexans, which 
he characterized (1, 2) by: (a) The pe- 
culiar insertion of the oogonium, which 
is sessile on the outside of the mycel- 
ium or inserted with a broad base into 
the myce'ial tube; (b) the broad ap- 
pressed antheridium fused to the 
oogonium, although his figure (2, Pl. 
5, fig. 3) shows one clavate antherid- 
ium; (c) saprophytic habit; (d) no spo- 
rangia or conidia were observed. But- 
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ler (6) adds that the tapering of the 
hyphe into very fine filaments distin- 
guishes it from any other species he 
studied. He was more successful than 
De Bary in finding sporangia, which 
were “rare, scarcely ever spherical or 
oval, but irregularly pear-shaped, ovoid 
or subangular.”’ 

The organism described in this paper 
resembles P. verans in the shape of 
the broad appressed antheridium, but 
differs in the following respects: (a) 
The oogonia are not inserted with a 
broad base, but are borne on a slender 
stalk (Pl. 5, B, C, D); (6) it is para- 
sitic on Pelargonium and Coleus; (c) 
sporangia are formed abundantly on 
various media and are oval to spherical 
(Pl. 4, F), except when intercalary; 
(d) the hyphe are cylindrical with 
rounded tips (Pl. 4, E) and do not 
taper to fine points. It is considered 
a distinct species, for which the name 
Pythium complectens n. sp. (referring 
to the clasping antheridium) is pro- 
posed. The technical description fol- 
lows. 

Pythium complectens, n. sp, 
Hyphe coenocytic, hyaline, 1.70 » to 
4.85 uw; cylindrical with rounded tips, 
forming a strongly parallel silky growth 
on solid media; acid produced chang- 
ing color of Congo Red agar; sporangia 
abundant, vacuolate, produced singly, 
spherical when terminal, oval to sub- 
spherical when intercalary, without 
papilla, average 21.8 ww in diameter, 
range 16.4 uw to 27.3 uw, germinating by 
extrusion of undifferentiated contents 
into vesicle in which zoospores are 
formed, not proliferating; zoospores 
broadly lenticular, with two cilia at 
hilum, with single vacuole, 10 to 26 
formed per sporangium, 5.9 uw to 8.5 pu 
wide by 10.6 uw to 11.5 uw long, rounding 
up and germinating by a tube; oos- 
pores single, smooth walled, spherical, 
free in the oogonium, wall light yellow 
to sepia brown, abundant in host tis- 
sues, average 16.2 uw in diameter, range 
11.3 uw to 20.8 n; oogonia smooth, sub- 
spherical, borne on a slender stalk, 
average 18.6 win diameter, range 13.2 u 
to 23.3 uw; antheridium single, one- 
celled, arising from adjacent hypha 
or below oogonial stalk, persistent, 
varying from a trumpet shape flaring 
out at region of attachment, to a broad 
irregularly lobed mass clasping a large 
part of the oogonium and fused with 
it. Parasitic on Coleus and Pelar- 
gonium cuttings, causing a black stem- 
rot; inducing a resistance reaction in 
the latter host characterized by the 
formation of a cork cambium, barring 
further progress of the hyphe after in- 
fection has proceeded some distance 
from the point of inoculation. 
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FERTILIZATION AND MATURATION PHE- 
NOMENA 


A striking feature of fertilization is 
the absence of a fertilization tube, 
coincident with the close contact of the 
contracted oosphere with some part of 
the oogonial wall immediately under- 
neath the clasping antheridium. But- 
ler (6, p. 52) found no fertilization tube 
in a species of Aphanomyces, in which 
the antheridium closely encircled the 
oogonium, but thought it possible that a 
nucleus was transferred before the 
oosphere receded from the oogonial 
wall. He figures a fertilization tube, 
however, in P. vexans, which has the 
same encircling type of antheridium, 
but no close contact of the fused wall 
and oosphere, so far as can be judged 
from his drawings. The close relation 
of oosphere, oogonial wall, and anther- 
idium in the species here described 
is brought out clearly in photographs of 
living material just prior to or at the 
time of fertilization. (Pl. 4, Aa, Af, 
Ba, Bb, Ca.) Under these conditions 
the direct passage of the antheridial 
contents into the oosphere through a 
hole dissolved in the walls between is 
thoroughly compatible with the clasp- 
ing nature of the antheridium, which 
insures sufficient adhesion to eliminate 
the necessity of the anchorage afforded 
by a fertilization tube in species having 
a narrow clavate antheridium. The 
fact that a lateral pressure is exerted by 
the antheridium is well shown by the 
depressed condition of the oogonial 
wall below it, displacing the other- 
wise spherical shape of the oogonium 
(Pls. 4, 5, all oospore figures). 

The inception of the exospore wall 
immediately upon fertilization and 
rounding up of the oosphere has not 
been described in detail in this genus so 
far as the writer is aware; most authors 
record the appearance of the complete 
membrane without figuring possible 
intermediate stages. Trow (22) states 
that “the egg rounds itself off and 
appears covered with a membrane 
before the last traces of protoplasm 
leaves the antheridium.” Miyake, 
working with P. de baryanum (13), 
uses similar terms: ‘‘Soon after the 
discharge of the antheridial contents 
into the oosphere a thin membrane is 
formed around the latter. This is the 
beginning of the exospore.’ The fig- 
ures of both authors show a completely 
encircling membrane of appreciable 
thickness, immediately following the 
highly contracted, smooth-outlined 


oosphere. De Bary noted a_ thin 
hyaline membrane around the oosphere 
before fertilization in P. de baryanum; 
its first figured appearance is a line 
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almost completely encircling the still 
rough oosphere (3, Pl. 1, fig. 3, 4). 
Ward (23), working with the same 
species, states that ‘‘meanwhile [during 
fertilization] a very delicate skin had 
been formed over the now smooth 
exterior of the oosphere,” but his 
figures do not show how it was formed. 
The general impression left by these 
authors is of a simultaneous appearance 
of a thin hyaline membrane over the 
entire oosphere. This was not found 
to be the case in the species here 
studied, in which the membrane is first 
visible just within the smoothed 
periphery as a short, narrow hyaline 
strip (really a disk in terms of three 
dimensions) which gradually extends 
tangentially around the periphery until 
the entire oosphere is clothed with a 
narrow, hyaline membrane (PI. 5, C, d, 
e, f). 


SIGNIFICANCE OF THE PYTHIUM TYPE 
OF SPORANGIAL GERMINATION 


The normal process of sporangial 
germination in this genus results in 
the transformation of the entire spor- 
angial contents into zoospores and 
their facile escape through the very 
delicate vesicle wall without any 
waste of zoospore-forming material 
or inherent obstacles to dissemination 
when once formed. It was frequently 
observed, however, that the undiffer- 
entiated mass within the vesicle some- 
times moved off (as if the bladder had 
been disrupted prematurely), failed to 
differentiate, and degenerated into a 
mass of slime and globules. This was 
frequently correlated with impacts by 
freshly formed zoospores, singly or in 
groups, from near-by sporangia, and 
must unquestionably occur in nature 
through mechanical injury by the 
abundant motile microscopic fauna 
and flora of the soil. Another abnor- 
mal condition, observed in only two 
cases, was the disjunction of the pro- 
toplasm during its passage through the 
tube; most of it entered the vesicle and 
underwent the usual process, while the 
part broken off and left behind in the 
sporangium failed to emerge, but 
formed a few normal zoospores which 
remained entrapped and finally degen- 
erated (Pl. 4, H). The rarity of this 
condition in Pythium is indicated indi- 
rectly in that incomplete exit of the 
sporangial contents, resulting in en- 
trapped zoospores, is neither men- 
tioned nor figured in Butler’s mono- 
graph (6) nor in Ward’s detailed ac- 
counts (23). 

Instances of imprisoned zoospores 
are, however, not uncommon in allied 
genera in which they are completely 
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differentiated before emergence. Ros- 
enbaum, working with Phytophthora 
(16), states that “frequently for some 
reason a few of the swarmspores do not 
emerge with the majority.” In forms 
in which the vesicle occurs (accom- 
panied by preliminary differentiation 
in the original sporangium), he finds 
that “after the liberation of the swarm- 
spores, the vesicles begin to contract, 
all signs of the opening disappear, and 
if any zoospores remain they are unable 
to escape.” Coker, in his recent mono- 
graph of the Saprolegniaceae (7), notes 
that ‘in both Saprolegnia and Achlya 
it frequently happens that the discharge 
of the spores is only partial, a few, or 
even a good many spores being left in 
the sporangium. These retained spores 
may emerge from their cysts as nor- 
mally, for a second swimming stage, 
moving about within the sporangium 
until they find their way out by its 
mouth, if they ever do.” 

Correlation of these observations 
indicates that the Pythium type of 
zoospore formation per se is by far the 
better mechanism for securing maxi- 
mum dissemination with minimum loss 
of spore-forming material for the fol- 
lowing reasons: 

(1) The migrating protoplasmic 
mass, covered as it is by a single 
plasma membrane, is kept together 
by cohesion and surface tension, both 
of which are powerful enough (except 
in rare and clearly pathological cases) 
to force the entire mass out as a whole, 
once emergence has been initiated by 
the propulsive force engendered by 
imbibition and swelling of a colloidal 
aggregate in the presence of an avail- 
able opening. The operation of these 
factors is clearly evident to anyone 
watching the pulling together of the mi- 
grating mass when half way through the 
tube, and its subsequent rounding up 
when wholly within the elastic vesicle. 
Compared with other genera, it is in 
sharp contrast with the emergence 
singly of a collection of fully formed 
zoospores, the vanguard of which must 
be subjected to the propulsive force 
of swelling, which is necessarily ex- 
hausted when the total potential 
swelling of the remaining individuals 
is equal to the volume of the sporan- 
gium; the exit of the remainder, as 
De Bary (4), Coker (7), and others 
have shown, is largely dependent on 
their connection with the preceding 
spores by delicate protoplasmic threads 
and ciliary entanglements rather than 
by their own unaided efforts. Con- 
sidering the fragility of these connec- 
tions and the miniature turmoil at the 
time of emergence, it is not surprising 
that zoospores are often left behind 
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and fail to escape, as the above-quoted 


authors have observed. In the Py- 
thium type of egress, however, the 
entire sporangial contents are removed 
en masse and under one enclosing 
membrane, thereby incurring a mini- 
mum risk of wasting spore material 
by imprisonment in the sporangial 
walls. 

(2) Provision for maximum facility 
of dissemination, once the zoospores 
are formed, is secured in Pythium by 
the presence of an extremely tenuous, 
fragile membrane around the zoospore 
mass, capable of disruption with the 
greatest ease and thereby enabling all 
zoospores formed to swim away, as 
contrasted with the rigid walls sur- 
rounding the zoospores in other genera. 

These conditions and their results— 
emergence en masse and fragility of the 
vesicle membrane—point clearly to the 
above conclusion as to the greater 
intrinsic efficiency of the Pythium 
type of sporangial germination, and to 
the interpretation that this type con- 
stitutes a definite adaptation securing 
minimum waste of spore-forming ma- 
terial combined with maximum ease of 
dissemination. That it did not become 
the prevailing type in zoospore-forming 
fungi can be traced to another factor, 
the clue to which is afforded in the 
above-recorded observation that the 
delicate vesicle containing the undif- 
ferentiated mass was susceptible to 
impacts leading to mechanical injury 


and degeneration before zoospores 
could be formed. It is clear that 
maximum dissemination is here ob- 


tained at the expense of protection at 
a critical stage, such as is afforded in 
genera in which the zoospores are 
formed within the rigid sporangium. 
The great advantage of the latter 
method lies in the fact that some at 
least of the swarmspores are sure to 
escape and perpetuate the race; in the 
Pythium type, the whole output of 
the sporangium is lost if the undif- 
ferentiated mass is mechanically in- 
jured in its exposed position. Evolu- 
tionary tendencies in matters of 
reproduction in higher plants and 
animals are in the direction of spe- 
cialized and well-protected off-spring 
in small numbers rather than along 
the lines of quantity dissemination of 
the unprotected many; it is only neces- 
sary to consider this to see that a 
specialized adaptation which secures 
the latter end, such as we have in 
Pythium—admirable a mechanism as 
it intrinsically is—yet insufficiently 


proof against unfavorable conditions, 
can not imprint itself permanently on 
derived genera. 
allied 


Hence, 
probably 


in the closely 
Phy- 


and derived 











tophthora, the tendency to the well- 
protected method of differentiation 
within the original sporangium finds 
full expression; the vesicle present in 
some species no longer serves to hold 
the undifferentiated spore mass but 
remains as a funetionless inheritance 
from Pythium like ancestors, finally 
disappearing in other members of the 
genus, 


RESISTANCE PHENOMENA 


The formation of a protective cork 
cambium tending to inhibit the prog- 
ress of infection, such as occurs in this 
disease, has been noted elsewhere by 
various workers. Lutman (1/2) inter- 
preted potato scab as a successive series 
of cork layers laid down in advance of 
the parasite, which, however, was appar- 
ently powerful enough to pass through 
each layer and stimulate the produc- 
tion of another layer deeper in the 
tissues. He noted the disappearance of 
starch from healthy cells in the vicinity 
of the cork cambium, a condition which 
is also present in this geranium disease. 
Dufrenoy (8) reports protective cork 
formation in a chestnut disease. Tis- 
dale, working with flax wilt (21), noted 
suberization of groups of cells adjacent 
to those attacked by Fusarium lini, and 
pointed out the necessarily chemical 
nature of the initial interacting forces 
involved. Protective cork formation 
accompanied by disappearance of starch 
from adjacent healthy cells is figured 
by Erwin F. Smith in a potato tuber rot 
caused by Bacillus caratovorus (19, 
fig. 174). 

The effectiveness of suberized cell 
walls in preventing the progress of 
infection has been emphasized by 
Shapovalov and Edson (1/7) in their 
work on wound cork formation. In 
the case of Pythium it is in accord with 
the mechanical nature of hyphal pene- 
tration as interpreted by Hawkins and 
Harvey (9), although the high resist- 
ance of suberized walls to solution by 
a large number of reagents should not 
be overlooked. The inability to obtain 
infection on uninjured geranium stems 
with the organism here reported, and 
the low amount of infection on cut- 
tings made two days before inoculation, 
are clearly correlated with difficulty in 
penetrating cork layers, which, as 
related to the former case, are often 10 
cells thick beneath the cuticularized 
epidermis. 

It is of interest to note that the 
organism at present under considera- 
tion produces a diffusible substance, 
evidently an acid, capable of changing 
the color of Congo Red agar to a deep 
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India purple (vide Cultural studies), 
whereas the other three Pythium spp. 
studied at the same time (to be reported 
on in a later paper) caused no color 
change in this medium; nor did the 
latter ever induce cork formation in 
inoculated plants, which usually suc- 
cumbed completely. While the nature 
of the diffusible substance produced by 
the cork-inducing Pythium has not been 
determined, a possible cause and effect 
relation is clearly indicated in the corre- 
lation between its production and the 
presence or absence of a_ resistance 
reaction evidenced by the stimulation 
of cell division to form a cork cambium. 


* Stimulation of cell division by diffusible 


substances produced by a parasite is 
considered by Kunkel (10) as a possi- 
bility in the case of the Plasmodiophora 
disease of cabbage; further evidence is 
available in the numerous experiments 
of Erwin F. Smith with Bact. mori, Bact. 
solanacearum (19) and particularly with 
known by-products of Bact. tumefaciens 
(18, 20). 
SUMMARY 


1. A stemrot of geranium (Pelar- 
gonium) cuttings caused by Pythium 
complectens n. sp. is here described. 

2. The disease consists of a progres- 
sive basal blackening accompanied by 
pectinization and soft rot of pith and 
cortex. Infection stops at a sharp line 
of demarcation 20 to 40 mm. from the 
base within six to eight days after 
inoculation. 

3. Stoppage of infection is due to a 
host resistance reaction manifested by 
the formation of a cork cambium com- 
pletely across and within the stem, 
barring further progress of the hypheze 
after infection has already proceeded 
some distance from the point of in- 
oculation. It is accompanied by the 
disappearance of starch from healthy 
cells in the vicinity of the cambium. 

4. This reaction is specific for this 
particular host and organism, and was 
not found in the case of three other 
Pythium spp. studied which caused 
complete destruction, nor in the case 
of Coleus cuttings infected and com- 
pletely rotted by this organism. 

5. Characteristic signs of the disease 
can be caused with pure culture in- 
oculations of this organism on any 
wounded part of the stem. Reisola- 
tion, reinoculation, and constant pres- 
ence of characteristic oospores in un- 
decayed parts of diseased tissues have 
established pathogenicity. Coleus cut- 
tings are susceptible, but not cucum- 
ber, radish, or cress seedlings. 

6. The hyphze of this fungus are 
hyaline, coenocytic, and _ cylindrica) 
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rounded 


tips. 
culture 
regularly oval to spherical. 


Sporangia are 
media, and are 
Germina- 
tion is by extrusion of the undiffer- 
entiated contents through a short tube 
into an evanescent vesicle in which the 
zoospores are differentiated; germina- 
tion by. tube takes place in older 
sporangia. Proliferation has not been 
observed. 

The oospores are smooth walled 
and lie free within the smooth oogonia. 
The latter are borne at the tips of 
slender branches. The antheridia are 
particularly characteristic, varying 
from a trumpet form to a_ broad, 
irregularly lobed mass clasping and 
fused with a large part of the oogonial 
surface. 

8. Fertilization takes place by direct 
passage of the antheridial contents 
through a hole in the fused oogonial 


with 
abundant in 


and antheridial walls into the con- 
tracted and immediately subjacent 
oosphere. <A fertilization tube has 


not been observed. 

9. Formation of the exospore wall 
is initiated by the peripheral spread of 
a narrow, clear band (a disk in 3 dimen- 


sions) within and around the smooth 
outlined oosphere, completely enclos- 
ing it. 


10. Viability and cultural characters 
on 16 media are given in detail. 

11. Optimum growth takes place at 
30° C. The maximum temperature 
is 35.5°; the minimum 5° (144 hours). 

12. Comparison of the Pythium type 
of zoospore formation with that in 
other genera points (a) to the greater 
intrinsic efficiency of the former type 
in view of the advantages herein dis- 
cussed resulting from emergence of 
undifferentiated contents en masse, 
and the fragility of the vesicle mem- 
brane; (b) to an interpretation of this 
type as an adaptation which secures 
minimum waste of spore-forming ma- 
terial combined with maximum ease 
of dissemination, at the expense, how- 


ever, of protection at a critical stage. 
That it did not become fixed in de- 
rived genera is an expression of the 


general evolutionary tendency toward 
protection of offspring rather than 
facility in dissemination. 
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